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(54) CONVEYOR CONTROLLERS

(57) Various methods, apparatuses, and program
products that are used to control at least a portion of a
conveyor 10, determine information about an article 23
conveyed by the conveyor 10, or otherwise operate a
conveyor 10 are provided. One method includes detect-
ing whether a second conveyor controller 12 is connected
to the first conveyor controller 12 and, in response to
detecting that there is a second conveyor controller 12
connected to the first conveyor controller 12, identifying
whether the second conveyor controller 12 is connected

to a predetermined network interface 44 of the first con-
veyor controller 12 . The method further includes config-
uring the first conveyor controller 12 to rotate a motorized
roller 18 in a first predetermined direction if a second
conveyor controller 12 is connected to the predetermined
network interface 44 and configuring the first conveyor
controller 12 to rotate the motorized roller 18 in a second
predetermined direction if a second conveyor controller
12 is not connected to the predetermined network inter-
face 44.
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Description
Field of the Invention

[0001] The present invention relates controlling con-
veyor systems with networked conveyor controllers

Background of the Invention

[0002] Conveyors are used in a number of applications
to convey an article from a first point to a second point.
As an example, conventional conveyors can include roll-
er conveyors, which include a plurality of motorized and
non-motorized rollers, as well as belt conveyors, which
include belts that are driven by one or more motorized
rollers. Typically, one or more sections of the conven-
tional conveyor are controlled by a controller, such as a
computer. The controller generally controls the motor-
ized rollers or motors that operate the belt of the conveyor
to move an article along the conveyor. In conventional
conveyor controllers, the controller also attempts to keep
track of whether an article is being conveyed by monitor-
ing sensors, such as photo-eyes, configured on the con-
veyor.

[0003] However, conventional controllers for conveyor
systems often lack the capability for advanced control of
feedback. For example, conventional controllers are able
to determine whether an article is sensed by a photo-eye
but unable to discern any additional information about
that article. Moreover, conventional controllers are often
unable to track differently sized articles as they move
through various portions of the conveyor. This, in turn,
canresultin ajam situation or result in collisions between
articles. In any event, information about the article itself
is often unknown or indeterminable.

[0004] Moreover, conventional controllers are often
difficult to maintain and replace. Forexample, a conveyor
typically includes multiple controllers. But each controller
of the conveyor must be programmed to work with the
other controllers. Conventional programming of multiple
controllers has often involved programming each individ-
ually then attempting to operate them together. But this
conventional programming is time consuming and labo-
rious, often involving dip-switch setting and complex al-
gorithmic management to implement even a simple run
of a conveyor (e.g., a "linear" conveyor without any di-
verts or mergers) .

[0005] Also for example, some conventional control-
lers may require that each controller for a conveyor is
reprogrammed if even one is replaced. Moreover, in the
event that all conventional controllers need not be repro-
grammed simply to replace one, conventional replace-
ment of a controller often involves programming that re-
placement controller ahead of time. This can be a labo-
rious process, as the exact configuration of a previous
controller may not be available, requiring the configura-
tion to be recreated from scratch.

[0006] Consequently,thereisa continuing need forim-
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proving control of conveyors and the controllers that per-
form such control of conveyors.

Summary of the Invention

[0007] Embodiments of the invention include various
methods, apparatuses, and program products that are
used to control at least a portion of a conveyor, determine
information about an article conveyed by the conveyor,
or otherwise operate a conveyor. In one embodiment, a
method includes detecting whether a second conveyor
controller is connected to the first conveyor controller
and, in response to detecting that there is a second con-
veyor controller connected to the firstconveyor controller,
identifying whether the second conveyor controller is
connected to a predetermined network interface of the
first conveyor controller. The method further includes
configuring the first conveyor controller to rotate a mo-
torized roller in a first predetermined direction if a second
conveyor controller is connected to the predetermined
network interface and configuring the first conveyor con-
troller to rotate the motorized roller in a second predeter-
mined direction if a second conveyor controller is not con-
nected to the predetermined network interface.

[0008] In another embodiment, a method includes, in
response to receiving first configuration data from a first
conveyor controller at a second conveyor controller, de-
tecting whether a third conveyor controller is connected
to the second conveyor controller. The method further
includes, transmitting a configuration message to a third
conveyor controller that includes second configuration
data associated with the second conveyor controller if
the third conveyor controller is connected to the second
conveyor controller and determining that the second con-
veyor controller is a final conveyor controller of a linear
conveyor if the third conveyor controller is not connected
to the second conveyor controller.

[0009] In yet another embodiment, a method includes
receiving and storing configuration data associated with
a second conveyor controller connected to the first con-
veyor controller and, in response to a first request for
data from a third conveyor controller intended to replace
the second conveyor controller, transmitting the config-
uration data to the third conveyor controller.

[0010] Instill a further embodiment, a method includes
in response to user input to a first conveyor controller to
automatically configure the first conveyor controller, re-
questing configuration data from a second conveyor con-
troller connected to the first conveyor controller and, in
response to receiving the configuration data, storing the
configuration data in the first conveyor controller.
[0011] In another embodiment, a method includes
monitoring a motorized roller for at least partial rotation
thereof and, in response to detecting the at least partial
rotation of the motorized roller, determining a length of
time for the at least partial rotation. The method further
includes, in response to determining that the length of
time is greater than a targettime, activating the motorized
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roller.

[0012] An additional embodiment includes a method
that in turn includes, in response to a determination to
prevent rotation of a motorized roller, identifying a rota-
tional position associated with the motorized roller when
the motorized roller is stopped and, in response to an
external force on the motorized roller, applying a voltage
signal to the motorized roller to maintain the roller at the
identified rotational position.

[0013] Another embodimentincludes a method that in
turn includes detecting a photo-eye sensor connected to
the conveyor controller, including whether the photo-eye
sensor is light-operated or dark-operated, detecting a
motorized roller connected to the conveyor controller, in-
cluding information about the motorized roller, and auto-
matically configuring at least one of a speed to operate
the motorized roller, a rate at which to accelerate the
motorized roller, a rate at which to decelerate the motor-
ized roller, or combinations thereof.

[0014] Inyetanother additional embodiment, a method
includes querying a motorized roller for data associated
therewith, in response to receiving the data, analyzing
the data to determine an operational characteristic asso-
ciated with the motorized roller, and controlling the mo-
torized roller based at least in part upon the determined
operational characteristic.

[0015] A still further additional embodiment includes a
method that in turn includes operating a motorized roller
to rotate in a first direction corresponding to a direction
of travel and, in response to detecting that a jam has
occurred, operating the motorized roller to rotate in a sec-
ond direction opposite the first direction.

[0016] Yet another embodiment is a method that in-
cludes sensing a current of a signal used to operate a
motorized roller and determining a weight associated
with the article based upon the sensed current. A still
further embodiment is a method that includes determin-
ing a time during which a photo-eye detects an article as
the article is conveyed along the at least a portion of the
conveyor and determining a length associated with the
article based upon the determined time.

[0017] Yet another embodiment is a method that in-
cludes determining a rate of rotation associated with a
motorized roller, connecting a first voltage signal gener-
ated by the rotation of the motorized roller to a power
supply of the conveyor controller to supply the power
supply with energy generated by the motorized roller if
the rotation of the motorized roller does not exceed a
target speed, and supplying a second voltage signal to
the motorized roller to reduce the rate of rotation thereof
if the rotation of the motorized roller exceeds the target
speed.

[0018] In another embodiment, a method includes de-
termining whether a current through a motorized roller is
associated with a low level to indicate that the motorized
roller is conveying a first article, in response to determin-
ing that the motorized roller is conveying the first article,
determining whether the current through the motorized
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roller is associated with a high level to indicate that the
first article has encountered a second article, and, in re-
sponse to determining that the first article has jammed
or encountered a second article, conveying the first and
second articles simultaneously and without substantial
gap therebetween during such conveyance.

[0019] A still further embodiment is a method of con-
trolling at least a portion of a conveyor with a conveyor
controller in a conveyor system having at least one down-
stream conveyor controller and at least one upstream
conveyor controller to the conveyor controller. The meth-
od includes sending a message to the downstream con-
veyor controller to request data to determine whether at
least a portion of the conveyor controlled thereby is oc-
cupied by an article. If the at least a portion of the con-
veyor controlled by the downstream conveyor controller
is not occupied by an article, the method includes oper-
ating a motorized roller to convey an incoming article at
a target speed. However, if the at least a portion of the
conveyor controlled by the downstream conveyor con-
troller is occupied by an article, the method includes op-
erating the motorized roller to convey an incoming article
at an adjusted target speed that is slower than the target
speed

[0020] These and other advantages will be apparent
in light of the following figures and detailed description.

Brief Description of the Drawings

[0021] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the invention and, together with
a general description of the invention given above and
the detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a perspective illustration of a portion of a
conveyor system that uses one or more modular con-
veyor controllers consistent with embodiments of the
invention;

FIG. 2 is a diagrammatic illustration of a controller
of FIG. 1;

FIG. 3 is a diagrammatic illustration of a computer
connected to the controllers of FIG. 1;

FIG. 4 is a partial cut-away perspective view of a
motorized roller of the conveyor system of FIG. 1;

FIG. 5 is a flowchart illustrating a sequence of oper-
ations that may be performed by the controller of
FIG. 1. during the automatic configuration thereof;

FIG. 6 is a flowchart illustrating a sequence of oper-
ations that may be performed by the controller of
FIG. 1. during the automatic configuration thereof
when such controller is a downstream controller;
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FIG. 7 is a flowchart illustrating a sequence of oper-
ations that may be performed by the controller of
FIG. 1. to abort the automatic configuration thereof;

FIG. 8 is a flowchart illustrating a sequence of oper-
ations that may be performed by the controller of
FIG. 1. to automatically configure itself as the first
controller of a linear conveyor;

FIG. 9 is a flowchart illustrating a sequence of oper-
ations that may be performed by the controller of
FIG. 1. to detect characteristics of at least a portion
of the conveyor system to which it is configured;

FIG. 10 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to determine which direction to rotate and
adjust its operations accordingly;

FIG. 11 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to detect and accumulate an article being
transported based on the currentto a motorizedroller
connected thereto;

FIG. 12 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to stop a motorized roller using a servo-lock
method;

FIG. 13 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to initiate an automatic replacement proce-
dure;

FIG. 14 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to automatically recover a network address
of a previous controller during an automatic replace-
ment procedure;

FIG. 15 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to operate in a "touch-and-go" mode;

FIG. 16 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to operate in a "look-ahead-slow-down"
mode;

FIG. 17 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to determine whether a downstream zone is
being operated at a target speed;

FIG. 18 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to initiate a jam clearing procedure;
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FIG. 19 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to clear a jam;

FIG. 20 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1. to reduce the rotational speed of a motorized
roller; and

FIG. 21 is a flowchart illustrating a sequence of op-
erations that may be performed by the controller of
FIG. 1 to determine an operational characteristic of
a motorized roller and, optionally, control that motor-
ized roller based upon that operational characteris-
tic.

[0022] It should be understood that the appended
drawings are not necessarily to scale, presenting a some-
what simplified representation of various features illus-
trative of the basic principles of embodiments of the in-
vention. The specific design features of embodiments of
the invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes
of various illustrated components, as well as specific se-
quences of operations (e.g., including concurrent and/or
sequential operations), will be determined in part by the
particular intended application and use environment.
Certain features of theillustrated embodiments may have
been enlarged or distorted relative to others to facilitate
visualization and clear understanding.

Detailed Description

[0023] FIG. 1 is a perspective illustration of a portion
of a conveyor system 10 that uses one or more modular
conveyor controllers 12a-c consistent with embodiments
of the invention. In particular, the illustrated portion of the
conveyor system 10 includes a conveyor assembly 14
which in turn includes a conveyor belt 16 that has motor-
ized rollers 18 interspersed with non-motorized rollers
20. The conveyor assembly 14 further includes a plurality
of sensors 22 and a power supply unit 24. The sensors
22 are configured to detect the presence or absence of
an article 23 conveyed on the conveyor assembly 14,
while the power supply unit 24 is configured to provide
power to one or more modular conveyor controllers 12,
the motorized rollers 18, and/or the sensors 22.

[0024] As illustrated in FIG. 1, each modular conveyor
controller 12 (referred to hereinafter as "controller" 12)
interfaces with and/or controls up to two motorized rollers
18 and up to two sensors 22. As such, each controller
12 may be configured to control one or more respective
"zones" of the conveyor assembly 14 (e.g., a respective
area of the conveyor assembly 14). Each zone, in turn,
may include one or more motorized rollers 18 and one
or more sensors 22. As illustrated in FIG. 1, each con-
troller 12a-c is configured to control two zones. More spe-
cifically, controller 12a is configured to control zones A1
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and A2, controller 12b is configured to control zones B1
and B2, and controller 12c is configured to control zones
C1 and C2. In some embodiments, each sensor 22 may
be an optical sensor, such as an IR sensor that is con-
figured to detect the presence of an article 23 on the
conveyor assembly 14. In operation, one or more con-
trollers 12 are configured to move an article 23 in adown-
stream direction 26 along the conveyor system 10.
[0025] FIG. 2 is a diagrammatic illustration of a hard-
ware and software environment of a controller 12 con-
sistent with embodiments of the invention. The controller
12 includes at least one central processing unit ("CPU")
40 coupled to a memory 42. Each CPU 40 is typically
implemented in hardware using circuit logic disposed in
one or more physical integrated circuit devices, or chips,
and may be comprised of one or more microprocessors,
micro-controllers, field programmable gate arrays ("FP-
GAs"), or ASICs. Memory 42 may include random access
memory ("RAM"), dynamic random access memory
("DRAM"), static random access memory ("SRAM"),
flash memory, electronically erasable programmable
read-only memory ("EEPROM") and/or another digital
storage medium, and is also typically implemented using
circuit logic disposed on one or more physical integrated
circuit devices, or chips. As such, memory 42 may be
considered to include memory storage physically located
elsewhere in the controller 12, e.g., any cache memory
in the a CPU 40, as well as any storage capacity used
as a virtual memory, e.g., as stored on a computing sys-
tem 90 (FIG. 2) or another controller 12 coupled to the
controller 12 through at least one network interface 44a,
44b (illustrated as "Network A Interface" 44a and "Net-
work B Interface 44b).

[0026] The controller 12 is configured to couple to up
to two motorized rollers 18 through respective motor in-
terfaces 46a, 46b (illustrated as "Motor A Interface" 46a
and "Motor B Interface" 46b). In particular, the CPU 40
is configured to control the motors (not shown) of the
motorized rollers 18 by selectively providing power to the
motors as well as determining the rotational state of the
motorized rollers 18. Each motor interface 46a, 46b al-
lows the CPU 40 to provide power to and determine in-
formation about a motor of a motorized roller 18. In par-
ticular, the motor interface 46a, 46b may be generally
utilized for brushless DC ("BLDC") motor commutation
control to control the rotational speed of a motorized roller
18. More specifically, the motor interface 46a, 46b in-
cludes the ability to selectively energize particular wind-
ings of a motor connected thereto to turn a motorized
roller, sense the current consumed by the motor connect-
ed thereto, and detect the rotational state of the motor
connected thereto. The motor interface 46a, 46b may
also include the ability to control a brake (not shown)
associated with the motor.

[0027] In addition to the motorized rollers 18, the CPU
40is configured to couple to up to two sensors 22 through
respective sensor interfaces 48a, 48b (illustrated as
"Sensor A Interface" 48a and "Sensor B Interface" 48b).
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The controller 12 is also configured to couple to up to two
pieces of additional hardware (not shown) (e.g., such as
additional sensors 22 that are not connected through the
sensor interfaces 48a, 48b) through respective hardware
interfaces 49a, 49b (illustrated as "Hardware A Interface"
49a and "Hardware B Interface" 49b). The controller 12
is configured to receive power from the power supply unit
24 through a power input and conditioning interface 50.
[0028] The CPU 40 is further configured to receive in-
put from a user and/or provide a human-perceptible out-
put to a user through an input/output device interface 52
(illustrated and referred to hereinafter as "I/O I/F" 52). In
some embodiments, the I/O I/F 52 is configured toreceive
data from the user through at least one user interface 54
(including, for example, one or more softkeys, a key-
board, mouse, a microphone, and/or other user inter-
face), and/or provide a human-perceptible output to the
user through at least one output device 56 (including, for
example, one or more LEDs providing specific informa-
tion, a display, speakers, a printer, and/or another output
device). In some embodiments, the 1/0 I/F 52 communi-
cates with a device that is operative as a user interface
54 and output device 56 in combination, such as a touch
screen display (not shown). In specific embodiments, the
at least one user interface 54 includes a softkey that,
upon an actuation lasting a first predetermined amount
of time, allows the CPU 40 to determine that the user
desires to automatically configure a plurality of controllers
12, and, upon an actuation lasting a second predeter-
mined amount of time, allows the CPU 40 to determine
that the user desires to reset the controller 12. In further
specific embodiments, the at least one output device 56
includes a plurality of LEDs that indicate, respectively,
network connectivity through the network interfaces 44a,
44b, network traffic through the network interfaces 44a,
44b, a status of a network to which the controller 12 is
connected, a status of one or more respective motors of
respective motorized rollers 18 connected to the motor
interfaces 46a, 46b, a status of one or more respective
sensors 22 connected to the sensor interfaces 48a, 48b,
a status of one or more respective pieces of hardware
connected to the hardware interfaces 49a, 49b, a status
of power to the controller 12, and/or a status of the con-
troller 12.

[0029] The controller 12 is typically under the control
of firmware 57 as well as an operating system, applica-
tion, and/or other program code configured to control the
controller 12 (illustrated and referred to hereinafter as
"Control Code") 58. As such, the controller 12 executes
or otherwise relies upon various computer software ap-
plications, sequences of operations, components, pro-
grams, files, objects, modules, etc., consistent with em-
bodiments of the invention. In specific embodiments, the
firmware 57 includes data to control the components of
the controller 12 while the control code 58 is executed to
perform various operations consistent with embodiments
ofthe invention. The controller 12 also includes a network
server 59, which may include a web server and/or a DH-
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CP server. As such, the network server 59 allows a sep-
arate computing system 90 (FIG. 3) to directly access
information from the controller 12 through a network 82
(FIG. 3) and/or allows the separate computing system
90 to be directly connected to the controller 12 to auto-
matically configure a TCP/IP connection therewith.
[0030] The controller 12 is also configured with a mass
storage device 60 that may store data for to operate the
controller 12 or other controllers 12. In specific embodi-
ments, the mass storage device 60 includes the config-
uration data of the controller 12 as well as the configu-
ration data for adjacent controllers 12 in a configuration
data structure 62. The mass storage may also store pa-
rameters for operation, such as its IP address, subnet
mask, gateway, and other data structures, such as lists
or lookup tables, that may be used to in the configuration
and/or operation of the controller 12 in a parameters data
structure 64.

[0031] The controller 12 may be configured to operate
alone or in conjunction with at least one additional con-
troller 12. Moreover, the controller 12 may be configured
to controlled externally, such as with the aforementioned
computing system 90. As such, and consistent with em-
bodiments of the invention, FIG. 3 is a diagrammatic il-
lustration showing interconnection between a plurality of
controllers 12a-c via communication links 80a-c as well
as the connection of one or more controllers 12 to at least
one network 82 for control thereby with a computing sys-
tem 90. In specific embodiments, each communication
link 80 between controllers 12 is achieved through a net-
work cable, such as a Category 5 cable used for Ethernet
network communications. One controller 12a may be
configured to communicate with a separate controller
12b, 12c directly (e.g., in the case of controller 12b) or
indirectly (e.g., in the case of controller 12c).

[0032] As discussed above, the conveyor system 10
may include a computing system 90 operable to control
the controllers 12a-c and thus the operation of the con-
veyor system 10. The computing system 90 includes at
least CPU 92 coupled to a memory 94. Each CPU 92 is
typically implemented in hardware using circuit logic dis-
posed on one or more physical integrated circuit devices
or chips and may be one or more microprocessors, micro-
controllers, FPGAs, or ASICs. Memory 94 may include
RAM, DRAM, SRAM, flash memory, and/or another dig-
ital storage medium, and also typically implemented us-
ing circuit logic disposed on one or more physical inte-
grated circuit devices, or chips. As such, memory 94 may
be considered to include memory storage physically lo-
cated elsewhere in the computing system 90, e.g., any
cache memory in the atleast one CPU 92, as well as any
storage capacity used as a virtual memory, e.g., as stored
on a mass storage device 96, another computing system
(notshown), a network storage device (e.g., a tape drive)
(not shown), or another network device (not shown) cou-
pled to the computing system 90 through at least one
network interface 98 (illustrated and referred to herein-
after as "network I/F" 98) by way of the at least one net-
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work 82. The network I/F 90 may be connected to the
network 92 wirelessly (e.g., through one of the numerous
IEEE 802 standards) or through a hard-wire link (e.g., an
Ethernet cable). It will be appreciated that the at least
one network 82 may include at least one private commu-
nications network (e.g., such as an intranet) and/or at
least one public communications network (e.g., such as
the Internet).

[0033] As such, the computing system 90, in specific
embodiments, is a computer, computer system, comput-
ing device, server, disk array, or programmable device
such as a multi-user computer, a single-user computer,
a handheld computing device, a networked device (in-
cluding a computer in a cluster configuration), a mobile
telecommunications device, a telecommunications ca-
pable device, a video game console (or other gaming
system), etc. In specific embodiments, the computing
system 90 is an iPhone® or iPad® as distributed by Apple
Inc., of Cupertino, CA.

[0034] The computing system 90 is coupled to at least
one peripheral device through an input/output device in-
terface 102 (illustrated as, and hereinafter, "I/O I/F" 102).
In particular, the computing system 90 receives data from
a user through at least one user interface 104 (including,
for example, a keyboard, mouse, a microphone, and/or
other user interface) and/or outputs data to the user
through at least one output device 106 (including, for ex-
ample, a display, speakers, a printer, and/or another out-
put device). Moreover, in some embodiments, the 1/0O I/F
102 communicates with a device that is operative as a
user interface 104 and output device 106 in combination,
such as a touch screen display (not shown).

[0035] The computing system 90 is typically under the
control of an operating system 108 and executes or oth-
erwise relies upon various computer software applica-
tions, sequences of operations, components, programs,
files, objects, modules, etc., consistent with embodi-
ments of the invention. In specificembodiments, the com-
puting system 90 executes or otherwise relies on a con-
trol application 110 to manage the operation of the con-
trollers 12a-c and the conveyor system 10.

[0036] Consistent with embodiments of the invention,
a controller 12 may be configured to operate in an au-
tonomous fashion, a collectively autonomous fashion, or
adependent fashion. When operating in an autonomous
fashion, the controller 12 is not controlled by the comput-
ing system 90 and operates without any concern to one
or more controllers 12 located upstream or downstream
along the downstream direction 26, if any. As such, the
controller 12 simply controls a portion of the conveyor
assembly 14 to convey an article 23 along the down-
stream direction 26 without regard to additional control-
lers 12. The autonomous operation may be advanta-
geous when there is conveyor system 10 that does not
require additional controllers 12 and merely operates to
consistently move articles 23 along that surface. When
operating in a collective fashion, multiple controllers 12
are configured to share information upstream and/or
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downstream in order to move the article 23 in the down-
stream direction 26, but are not otherwise controlled by
the computing system 90. The collective operation may
be advantageous when there is a conveyor system 10
that does not include merges, joins, article sorting, or
other article manipulating sections (but may nevertheless
include turns, inclines, declines) and is used to convey
an article 23 along a path. When operating in a dependent
fashion, one or more controllers 12 are configured to be
controlled by the computing system 90. The dependent
operation may be advantageous when there is a convey-
or system 10 that includes merges, joins, article sorting,
and/or other article manipulating sections that requires
complex movement and adjustment of articles 23 as they
are conveyed along the conveyor system 10.

[0037] In any event, the controllers 12 include a
number of operations, operational modes, and functions
that assistin conveying articles. For example, a controller
12 is configured to automatically determine information
about the conveyor assembly 14 to which itis connected,
and more particularly information about the motorized
rollers 18, sensors 22, and/or additional hardware con-
figured thereupon. The controllers 12, in turn, use BLDC
commutation control to control the rotational speed
and/or state of the motorized rollers 18. The controllers
12 may also use current feedback from a motorized roller
18 to determine whether an article 23 is being conveyed
as well as use rotation feedback from the motorized roller
18 to determine the position of an article 23 being con-
veyed. The controller 12 may also use the current feed-
back, rotation feedback, and/or additional information to
determine the weight and length of the article 23.
[0038] In addition to providing power to rotate a motor-
ized roller 18, the controller 12 is configured to stop the
motorized roller 18 in a number of ways. For example,
conventional methods of stopping a motorized roller 18
include shunting windings of the motor of the motorized
roller 18 to ground or engaging a brake (not shown) of
the motorized roller 18. However, the controller 12 may
be configured to stop a motorized roller 18 through a
gravity stop or through a servo-lock stop. With a gravity
stop, the controller 12 may disconnect the motor of the
motorized roller 18 from any ground signal or power sig-
nal. Advantageously, the gravity stop allows the motor-
ized roller 18 to briefly rotate after the power thereto has
been stopped, but otherwise prevents excessive power
usage by the motorized rollers 18. In the servo-lock stop,
the controller 12 maintains the motorized roller 18 at the
rotational position at which it has stopped. For example,
if the motorized roller 18 is on an incline or decline, the
servo-lock stop allows the controller 12 to maintain the
motorized roller 18 at a particular rotational position, ad-
vantageously maintaining an article 23 loading that mo-
torized roller 18 at a particular position.

[0039] Multiple controllers 12 networked together
(such as in a conveyor system 10 having a linear con-
veyor or other conveyor run) may automatically configure
themselves when configured in an uninterrupted path of
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one or more conveyor assemblies 14 with no merge or
divert mechanisms, but possibly curved sections. This
arrangement is more commonly referred to as a "linear
conveyor." As such, the controllers 12 are configured
along the linear conveyor and interconnected via com-
munication links 80. The furthest upstream controller 12
may then be interfaced with (such as through a user in-
terface 54 that includes a softkey) to begin an automatic
configuration procedure. The automatic configuration
procedure, discussed in more detail below, automatically
configures each of the controllers 12 to control one or
more respective zones of the linear conveyor such that
the linear conveyor may be used to convey articles 23
thereon in the downstream direction 26.

[0040] The controllers 12 communicate with each oth-
er through the communications links 80 to access infor-
mation about zones, articles 23, and controllers 12 up-
stream and downstream to dynamically adjust the oper-
ation of the conveyor system 10. The controllers 12 also
store configuration of each controller 12 to which they
are adjacent. For example, when a conveyor system 10
includes a plurality of controllers, the first controller 12
(e.g., mostupstream controller in a downstream direction
26) stores its configuration data and the configuration
data of the second controller 12, the second controller
12 stores its configuration data and the configuration data
of the first controller 12 and third controller 12 (if present),
and so-on with the last controller 12 storing its configu-
ration data and the configuration data of the next-to-last
controller 12. As such, when a controller 12 is removed,
the replacement controller 12 may automatically access
appropriate stored configuration data in an adjacent con-
troller 12. The controllers 12 may use UDP for transferring
configuration data, Modbus TCP for controller-to-control-
ler communication, and Ethernet/IP for other communi-
cations.

[0041] Controllers 12 may be used to convey articles
23 along a conveyor system 10 in a zone singulation
mode (in which there is a zone gap between articles), a
flex zone mode (in which first article is longer than a sec-
ond article such that the first article is assigned more
zones than that second article), a train mode (in which
all upstream zones from a downstream zone run articles
in a "train" when the downstream zone releases an arti-
cle), and a gap train mode (which is similar to the train
mode, butis a mode in which the controllers 12 configure
a time delay between the articles in the train).

[0042] One additional mode of operation for the con-
trollers 12 is a mode in which a controller 12 detects the
movement of a motorized roller 18 that was previously
stationary and then activates one or more motorized roll-
ers 18 connected thereto to move an article 23 along the
conveyor system 10. For example, an article 23 may be
situated on a conveyor system 10 and stationary. When
a user pushes the article 23 along the conveyor system
10, a motorized roller 18 associated therewith is rotated.
A controller 12 senses this motion, conveys the article
23 through its zones, and sends messages to at least
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one downstream controller 12 to convey the article 23 as
well. This "touch and go" mode maybe advantageous in
facilities where leaving conveyor systems 10 constantly
running (e.g., leaving motorized rollers 18 constantly
turning) is inefficient, unwanted, or unnecessary. As
such, a user may start the conveyor system 10 by placing
an article 23 thereon and pushing the article therealong.
In one embodiment, the controllers 12 of the conveyor
system 10 activate the motorized rollers 18 until all arti-
cles 23 on the conveyor system 10 have been dis-
charged. In an alternative embodiment, the controllers
12 of the conveyor system 10 gradually increase and
decrease the speed of the motorized rollers 18 for re-
spective zones as the articles 23 are adjacent to or pass
through those zones until all articles 23 on the conveyor
system 10 have been discharged.

[0043] During operation, the controllers 12 can "look
ahead" to at least one downstream zone to determine
whether it is occupied by an article 23, and adjust the
speed of the motorized rollers 18 accordingly. In this man-
ner, higher speed applications where increased stopping
distance is required can keep the articles 23 from over-
traveling their stop positions. This "look-ahead-slow-
down" mode also allows the controllers 12 to keep from
losing articles 23 between zones, which may happen if
momentum carries an article 23 that is to be slowed in
the area between zones where it may not be sensed by
a sensor 22.

[0044] The controllers 12 are also configured to detect
jams, or potential jams, when an article 23 does notreach
a sensor 22 within a predetermined amount of time, or
when an article 23 is constantly detected by a sensor 22
for a predetermined amount of time. When a jam is de-
tected, the controller 12 may reverse an appropriate mo-
torized roller 18 in an attempt to clear that jam.

[0045] FIG. 4 is a partially transparent view of a mo-
torized roller 18 consistent with embodiments of the in-
vention. The motorized roller 18 is connected to a con-
troller 12 through various wires as at 102. In turn, the
wires 102 may provide various signals or connection
(e.g., a voltage signal, a current signal, a connection to
ground) to one or more components of the motorized
roller 18. More specifically, the wires 102 may carry one
or more signals, such as a voltage, current, or ground
signal, for a motor 104 of the motorized roller. The motor
104, when energized, rotates and turns a gearbox 106.
The gearbox 106 is coupled to the housing 1080f the
motorized roller 18 and operates to translate the rotation
of the motor 104 into rotation of the housing 108 at a fixed
ratio. In specific embodiments, the gearbox 106 may op-
erate to translate sixty rotations of the motor 104 into one
rotation of the housing 108 such that the gearbox 106
has a ratio of approximately 60-1. Moreover, the motor-
ized roller 18 may include one or more addressable cir-
cuits 110, such as processing circuitry with memory, that
can be queried for information associated with the mo-
torized roller 18. As such, a controller 12 connected to
the motorized roller 18 may query the motorized roller
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18, and in particular the addressable circuit 110 thereof,
for information and determine at least one operational
characteristic associated with that motorized roller 18.
For example, the operational characteristic may include
a gear ratio of the gearbox 106 or a current threshold
(e.g., a maximum current) for the motor. The controller
12 may then determine information and/or control the
motorized roller 18 accordingly (e.g., determine the dis-
tance of rotation of the housing 108 of the motorized roller
18 from a pulse of voltage and/or keep the current sup-
plied to the motorized roller 18 below the current thresh-
old).

[0046] A person having ordinary skill in the art will rec-
ognize that the environments illustrated in FIGS. 1-4 are
not intended to limit the scope of embodiments of the
invention. In particular, conveyor system 10, controller
12, and/or computing system 90 may include fewer or
additional components consistent with alternative em-
bodiments of the invention. Indeed, a person having skill
in the art will recognize that other alternative hardware
and/or software environments may be used without de-
parting from the scope of the invention. Additionally, a
person having ordinary skill in the art will appreciate that
the controller 12 and/or computing system 90 may in-
clude more or fewer applications configured therein. As
such, other alternative hardware and software environ-
ments may be used without departing from the scope of
embodiments of the invention.

[0047] Theroutines executed toimplementthe embod-
iments of the invention, whether implemented as part of
an operating system or a specific application, compo-
nent, program, object, module or sequence of instruc-
tions executed by one or more controllers 12 and/or com-
puting systems 90 will be referred to herein as a "se-
quence of operations," a "program product," or, more
simply, "program code." The program code typically com-
prises one or more instructions that are resident at vari-
ous times in various memory and storage devices in a
controller 12 and/or computing system 90, and that, when
read and executed by one or more CPUs 40 and/or 92
of the respective controllers 12 and/or computing system
90, cause that controller 12 and/or computing system 90
to perform the steps necessary to execute steps, ele-
ments, and/or blocks embodying the various aspects of
the invention.

[0048] While the invention has and hereinafter will be
described in the context of fully functioning controllers 12
and/or computing systems 90, those skilled in the art will
appreciate that the various embodiments of the invention
are capable of being distributed as a program product in
a variety of forms, and that the invention applies equally
regardless of the particular type of computer readable
signal bearing media used to actually carry out the dis-
tribution. Examples of computer readable signal bearing
media include but are not limited to physical and tangible
recordable type media such as volatile and nonvolatile
memory devices, floppy and other removable disks, hard
disk drives, optical disks (e.g., CD-ROM'’s, DVD'’s, etc.),
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among others.

[0049] In addition, various program code described
hereinabove or hereinafter may be identified based upon
the application or software component within which it is
implemented in a specific embodiment of the invention.
However, it should be appreciated that any particular pro-
gram nomenclature is used merely for convenience, and
thus the invention should not be limited to use solely in
any specific application identified and/or implied by such
nomenclature. Furthermore, given the typically endless
number of manners in which computer programs may be
organized into routines, procedures, methods, modules,
objects, and the like, as well as the various manners in
which program functionality may be allocated among var-
ious software layers that are resident within a typical com-
puter (e.g., operating systems, libraries, APls, applica-
tions, applets, etc.), it should be appreciated that the in-
vention is not limited to the specific organization and al-
location of program functionality described herein.
[0050] Insome embodiments, the controllers 12 of the
conveyor system 10 are configured by the computing
system 90. As such, each the computing system 90 des-
ignates the function of each controller 12 and how it is to
operate in the conveyor system 10. However, in alterna-
tive embodiments, at least a portion of the conveyor sys-
tem 10 is a linear conveyor. As such, the controllers 12
for the linear conveyor may be configured in an automatic
configuration procedure consistent with embodiments of
the invention. FIG. 5 is a flowchart 200 illustrating a se-
quence of operations that may be performed by a con-
troller 12 during an automatic configuration procedure.
In particular, the sequence of operations of FIG. 5 may
be performed by a controller 12 configured as the initial
controller 12 of a linear conveyor. As such, the controller
12 determines whether to initiate an automatic configu-
ration procedure (block 202). Specifically, a user may
initiate an automatic configuration procedure by pressing
and holding a softkey of a user interface 54 for a prede-
termined amount of time. When the controller 12 deter-
mines nottoinitiate an automatic configuration procedure
("No" branch of decision block 202), the sequence of op-
erations returns to block 202. When the controller 12 de-
termines to initiate an automatic configuration procedure
("Yes" branch of decision block 202), the controller 12
determines whether there are upstream and downstream
controllers 12 connected thereto.

[0051] In some embodiments, the controller 12 deter-
mines whether there are upstream and downstream con-
trollers 12 connected thereto by polling its network inter-
faces 44a, 44b to determine if controllers 12 are connect-
ed thereto through communication links 80a, 80b. If there
is a response to a poll on a network interface 44a, 44b,
the controller 12 determines that a controller 12 is con-
nected to that network interface 44a, 44b. When there
are both upstream and downstream controllers 12 con-
nected to the network interfaces 44a, 44b of the controller
12 initiating the automatic configuration procedure ("Yes"
branch of decision block 204), the controller 12 indicates
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an error and aborts the automatic configuration proce-
dure (block 206). Advantageously, preventing an auto-
matic configuration procedure for a controller 12 that is
situated between at least two additional controllers 12
prevents network and resource contention. However,
when there are not both upstream and downstream con-
trollers 12 connected to the network interfaces 44a, 44b
of the controller 12 initiating the automatic configuration
procedure ("No" branch of decision block 204), the con-
troller 12 initiating the automatic configuration procedure
(referred to hereinafter for this sequence of operations
as the "first" controller 12) initiates the automatic config-
uration procedure (block 208) and determines whether
there are is a second controller 12 connected to one of
its network interfaces 44a, 44b (block 210).

[0052] When the first controller 12 determines that
there is not a second controller 12 connected to one of
its network interfaces 44a, 44b ("No" branch of decision
block 210), the first controller 12 configures itself to op-
erate in an autonomous fashion (block 212). However,
when the first controller 12 determines that there is a
second controller 12 connected to one of its network in-
terfaces 44a, 44b ("Yes" branch of decision block 210),
the first controller 12 determines whetherthe second con-
troller 12 is connected to its first network interface 44a
(block 214). Specifically, each controller 12 is configured
with a default that indicates that a downstream direction
26 is to proceed from the "A" side, or "left" side, of the
controller 12 (e.g., the side with network interface 44a,
motor interface 46a, sensor interface 48a, and hardware
interface 49a) to the "B" side, or "right" side of the con-
troller 12 (e.g., the side with network interface 44b, motor
interface 46b, sensor interface 48b, and hardware inter-
face 49b). Thus, when the second controller 12 is con-
nected to the first network interface 44a of the first con-
troller 12 ("Yes" branch of decision block 214), the first
controller 12 sets a flag to indicate that the downstream
direction 26 is reversed from its presumed direction
(block 216). However, when the second controller 12 is
connected to the second network interface 44b of the
first controller ("No" branch of decision block 214), the
first controller 12 clears a flag to indicate that the down-
stream direction 26 is not reversed from its presumed
direction (block 218).

[0053] In response to setting a flag or clearing a flag
indicating whether the downstream direction 26 is re-
versed from its presumed direction (block 216 or block
218), the first controller 12 sets itself up as the "initial"
controller 12 of alinear conveyor, and sends one or more
messages to the second, or "downstream," controller 12
indicating the initiation of an automatic configuration pro-
cedure as well as configuration data of the first controller
12 (block 220). In some embodiments, the first controller
12 sets itself as the initial controller 12 by setting its net-
work address to a predetermined network address. For
example, if the current IP address of the first controller
is 192.168.0.45, the first controller 12 sets itself as the
initial controller 12 by setting its IP address to
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192.168.0.20. The first controller 12 also sets itself as
the initial controller 12 by determining its subnet mask
and gateway and providing the subnet mask and gateway
to downstream controllers 12. In any event, the first con-
troller 12 may send multiple messages in block 220, in-
cluding a first message (referred to hereinafter as an
"configuration initiator" message) that indicates that the
initiation of an automatic configuration procedure and a
second message (referred to hereinafter as a "configu-
ration token") that includes at least the serial number of
the first controller 12, its IP address, the subnet mask,
and/or gateway of the first controller 12.

[0054] In any event, after sending the configuration in-
itiator and/or the configuration token (block 220), the first
controller 12 determines whether multiple configuration
confirmation messages from downstream controllers 12
have been received (222). When multiple configuration
confirmation messages have not been received ("No"
branch of decision block 222"), this indicates that there
are not two independent network branches from the first
controller 12 to downstream controllers 12, and the se-
quence of operations may end. However, when multiple
configuration messages have been received
("Yes" branch of decision block 222), this indicates that
there are at least two independent network branches
from the first controller 12 to downstream controllers 12,
and thus the first controller 12 indicates and error and
aborts the automatic configuration procedure (block
224).

[0055] FIG.6is aflowchart 230 illustrating a sequence
of operations that may be performed by a downstream
controller 12 during an automatic configuration proce-
dure consistent with embodiments of the invention. The
downstream controller 12, upon being started, deter-
mines whether a configuration initiator message has
been received from an upstream controller 12 (e.g., the
first controller 12 or a controller 12 between the first con-
troller 12 and the controller 12 performing this sequence
of operations) (block 232). When a configuration initiator
message has not been received ("No" branch of decision
block 232), the downstream controller 12 may return to
block 232. When a configuration initiator message has
been received ("Yes" branch of decision block 232), the
downstream controller 12 determines whether it has re-
ceived a valid configuration token within a predetermined
amount of time (e.g., twenty seconds) (block 234). For
example, a configuration token may be invalid when at
least some of the data expected therein is missing or
corrupt. In any event, when the downstream controller
12 has not received a valid configuration token within the
predetermined amount of time, or when the controller 12
has received an invalid configuration token ("No" branch
of decision block 234), the downstream controller 12 in-
dicates and error and aborts the automatic configuration
procedure (block 236).

[0056] When the downstream controller 12 receives a
valid configuration token within the predetermined
amount of time ("Yes" branch of decision block 234), the
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downstream controller 12 sets its network address based
on the network address included in the configuration to-
ken, determines the downstream direction 26 based on
which network interface the 44a, 44b received configu-
ration token, and otherwise configures itself to operate
inalinear conveyorbased on the data in the configuration
token (block 238). In specific embodiments, the down-
stream controller 12 sets its network address in block
238 by adding a fixed value to the received network ad-
dress. For example, if the network address received in
the configuration token is 192.168.0.24, the downstream
controller 12 may add a fixed value of one to the network
address and thus set its network address to
192.168.0.25. Moreover, in block 238, the downstream
controller 12 determines that the downstream direction
26 is its presumed direction when it receives the config-
uration token on network interface 44a onits "A," or "left,"
side. Correspondingly the downstream controller 12 de-
termines that the downstream direction 26 is reversed
from its presumed direction when the downstream con-
troller 12 receives the configuration token on network in-
terface 44b on its "B," or "right," side. Also in block 238,
the downstream controller 12 sets its subnet mask,
and/or gateway based on information in the configuration
token.

[0057] After configuring itselfto operatein alinear con-
veyor (block 238), the downstream controller 12 sends
a configuration confirmation message back upstream
through the network interface 44a, 44b that received the
configuration token (block 240) and sends a configuration
initiator message and a configuration token for an addi-
tional downstream controller 12 through the network in-
terface 44a, 44b that did not receive the configuration
token (block 242). The downstream controller 12 then
determines whether multiple configuration confirmation
messages from additional downstream controllers 12
have been received (244). When multiple configuration
confirmation messages have been received ("Yes"
branch of decision block 244), the downstream controller
12 indicates and error and aborts the automatic config-
uration procedure (block 246). However, when multiple
configuration confirmation messages have not been re-
ceived (e.g., one configuration confirmation message
has been received or no configuration confirmation mes-
sage has been received) ("No" branch of decision block
244), the downstream controller 12 determines whether
one configuration confirmation message has been re-
ceived (block 248). When no configuration confirmation
message has been received ("No" branch of decision
block 248), the downstream controller 12 sends a mes-
sage (referred to hereinafter as a "last controller" mes-
sage) indicating that it is the last controller 12 in a linear
conveyor to the first controller 12 (e.g., through any up-
stream controllers 12 previously configured) (block 250).
In response to determining that a configuration confirma-
tion message has been received ("Yes" branch of deci-
sion block 248) or sending a last controller message 12
(block 250), the sequence of operations may end.
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[0058] FIG. 7 is aflowchart 260 illustrating a sequence
of operations for a subroutine of a controller 12 (e.g., a
first controller 12 or a downstream controller 12) to abort
an automatic configuration procedure consistent with
embodiments of the invention. In particular, the subrou-
tine determines whether the controller 12 has aborted an
automatic configuration procedure (block 262). When the
controller 12 has aborted an automatic configuration pro-
cedure ("Yes" branch of decision block 262), the subrou-
tine causes the controller 12 to send an abort message
to any upstream and downstream controllers 12 connect-
ed thereto (block 264). However, when the controller 12
has not aborted an automatic configuration procedure
("No" branch of decision block 262), the subroutine de-
termines whether the controller 12 has received an abort
message on a network interface 44a, 44b (block 266).
When the controller 12 has not received an abort mes-
sage on a network interface 44a, 44b ("No" branch of
decision block 266), the sequence of operations returns
to block 262. However, when the controller 12 has re-
ceived an abort message on a network interface 44a,
44b ("Yes" branch of decision block 266), the controller
forwards the abort message through the network inter-
face 44a, 44b that did not receive the abort message
(block 268). When the controller 12 sends an abort mes-
sage (block 264) or forwards an abort message (block
268), the controller 12 reverts its configuration data to
the configuration used before the initiation of an auto-
matic configuration procedure (block 270).

[0059] FIG. 8is aflowchart 280 illustrating a sequence
of operations for a first controller 12 of a linear conveyor
to finalize the automatic configuration of the controllers
12 therein consistent with embodiments of the invention.
In particular, the first controller 12 determines whether a
predetermined time (e.g., about five minutes) in which to
receive an abort message or a last controller message
has expired (block 282). When the predetermined time
has not expired ("No" branch of decision block 282), the
sequence of operations may return to block 282. How-
ever, when the predetermined time has expired ("Yes"
branch of decision block 282), the first controller 12 de-
termines whether a last controller message has been re-
ceived (block 284). When a last controller message has
not been received ("No" branch of decision block 284),
the first controller 12 indicates and error and aborts the
automatic configuration procedure (block 286). However,
when alast controller message has been received ("Yes"
branch of decision block 284), the first controller 12 sends
a message to the downstream controllers 12 to detect
characteristics of the portion of the conveyor system 10
to which they are attached, and performs its own detec-
tion of characteristics of the portion of the conveyor sys-
tem 10 to which it is attached (block 288). The first con-
troller 12 then sends a message to the downstream con-
trollers 12 to restart, then restarts itself (block 290).
[0060] FIG.9is aflowchart 300 illustrating a sequence
of operations for a controller 12 (e.g., a first controller 12
or a downstream controller 12) to detect characteristics
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of the portion of the conveyor system 10 to which it is
configured or attached. In particular, the controller 12 in-
itially detects any sensors 22 connected to its sensor
interfaces 48a, 48b, including whether any sensors 22
are connected thereto, as well as whether connected
sensors 22 are light-activated sensors (which provide a
logic high when light from one end of the sensor is de-
tected, e.g., an article is not blocking the photo-eye) or
whether the sensors 22 are dark-activated, or PNP-type,
sensors (which provide a logic high when light from one
end ofthe sensors is notdetected, e.g., an article is block-
ing the photo-eye), then stores thatindication (block 302).
In some embodiments, such as with a sensor 22 that
includes its own processing capabilities, the controller 12
may be further configured to query the sensor 22 for in-
formation, including the serial number of the sensor 22,
whether the sensor is an light or dark activated type sen-
sor 22, and/or additional information about the sensor.
The controller 12 is further configured to detect any mo-
tors of the motorized rollers 18 connected to the motor
interfaces 46a, 46b, including any data related thereto,
and store that data (block 304). In some embodiments,
the controller 12 merely detects the presence of a motor
connected to the motor interfaces 46a, 46b and, when a
motor is detected, retrieves default information and uses
that to configure the controllers 12 interaction with that
motor. In specific embodiments, the default information
includes an indication that the motor is a pulse roller, that
the speed to operate the motor is a percentage of its
maximum power rating (e.g., about 80%), the brake
method to stop the motor, the acceleration rate to accel-
erate the motor (if any), the deceleration rate at which to
decelerate the motor (if any), the mode in which to convey
articles (e.g., zone singulation mode, flex zone mode,
train mode, or gap train mode), the amount of time to wait
before declaring a jam, and/or the amount of time to wait
to run the motor after a sensor has been cleared, among
others.

[0061] In any event, the controller 12 is further config-
ured to detect any hardware connected to the hardware
interfaces 49a, 49b, including any data related thereto,
and store that data (block 306). The controller 12 further
sets up network connections and communications with
at least one additional controller 12 and/or computing
systems 90 (e.g., as described above) (block 308) and
configures the zones it controls as well as parameters
thereof (block 310).

[0062] Asanarticleis movedfrom afirstzone managed
by a first controller 12 to a second zone managed by a
second controller 12, the data associated with that article
is also transmitted from the first controller 12 to the sec-
ond controller 12. This data can include an identification
of the article, its weight, its length, and/or the state of the
downward direction. With respect to the "state" data, this
data is used to indicate whether direction of product flow
of a conveyor assembly 24 is in the typically default di-
rection (i.e., from the "left" of the controller 12 to the "right"
of the controller 12, as described above) or whether the
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direction of product flow is reversed (i.e., from the "right"
of the controller 12 to the "left" of the controller 12, as
described above). FIG. 10 is a flowchart 320 illustrating
a sequence of operations for a controller 12 to detect
state data and adjust its downstream direction consistent
with embodiments of the invention. In particular, the con-
troller 12 receives a downstream communication (e.g., a
communication on its second network interface 44b from
adownstream controller 12 and/or computing system 90)
(block 322) or receives an upstream communication
(e.g., a communication on its first network interface 44a
from an upstream controller 12 and/or computing system
90) (block 324). When the controller 12 receives a down-
stream communication, it determines whether the down-
stream communication includes data indicating the prod-
uct flow for the article (e.g., whether the product flow is
"normal” or "reversed") (block 326). When the commu-
nication does not indicate the product flow for the article
("No" branch of decision block 326), the controller 12 de-
termines that the message is not data associated with
an article and instead may be data intended for another
controller 12 (such as the initial controller 12 in a linear
conveyor and/or the computing system 90). As such, the
controller 12 processes the communication as different
from a communication containing article data (block 328).
[0063] Returning to block 326, when the communica-
tion does indicate the product flow for the article ("Yes"
branch of decision block 326), the controller 12 deter-
mines whether the current direction it is transporting ar-
ticles is reversed (e.g., whether previous articles have
been sent in the reverse direction) (block 330). When the
current direction is not reversed ("No" branch of decision
block 330), the controller 12 changes its current direction
of travel (e.g., such as by reversing the motors of the
motorized rollers 18 it controls) (block 332) and accepts
the article from the downstream controller 12 if it is able
to do so (e.g., has a clear zone) (block 334). When the
current direction is reversed ("Yes" branch of decision
block 330), the controller accepts the article from the
downstream controller 12 if it is able to do so (block 334).
[0064] Returning to block 324, when the controller 12
receives an upstream communication it determines
whether the upstream communication includes data in-
dicating the product flow for the article (block 336). When
the communication does not indicate the product flow for
the article ("No" branch of decision block 336), the con-
troller 12 determines that the message is not data asso-
ciated with an article and instead may be data intended
for another controller 12 (such as the initial controller 12
in a linear conveyor and/or the computing system 90).
As such, the controller 12 processes the communication
as different from a communication containing article data
(block 328).

[0065] Returning to block 336, when the communica-
tion does indicate the product flow for the article ("Yes"
branch of decision block 336), the controller 12 deter-
mines whether the current direction it is transporting ar-
ticlesis normal (e.g., whether previous articles have been
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sent in the normal direction) (block 338). When the cur-
rent direction is not normal ("No" branch of decision block
338), the controller 12 changes its current direction of
travel (e.g., such as by reversing the motors of the mo-
torized rollers 18 it controls) (block 332) and accepts the
article from the upstream controller 12 if it is able to do
so (e.g., has a clear zone) (block 334). When the current
direction is normal ("Yes" branch of decision block 338),
the controller accepts the article from the upstream con-
troller 12 if it is able to do so (block 334).

[0066] When transporting an article, a controller 12
may be configured to sense the current utilized by the
motor of a motorized roller 18 to detect the presence of
an article being transported thereby. Advantageously,
this allows a controller 12 to achieve maximum article
density on a conveyor surface without constant pressure
or force being applied to articles once densely accumu-
lated, and further offers the advantage of sensor-less de-
tection of articles. In particular, the controller 12 monitors
current to motors and filters current fluctuations and
spikes in order to determine when an article is being
transported by a motorized roller 18. Such operation al-
lows controllers 12 to accumulate articles and prime up-
stream zones to accumulate articles consistent with em-
bodiments of the invention.

[0067] In one embodiment, the controller 12 is config-
ured to accumulate an article by determining whether
there the current to the motorized roller 18 is at a first,
"low current" level, or whether the current to the motor-
ized roller 18 is at a second, "high current" level above
that low current level. The low current level corresponds
toacurrentlevel at which a motorizedroller 18 is operated
to transport an article withoutimpingement. The high cur-
rent level corresponds to a current level at which a mo-
torized roller 18 is operated to attempt to move an article
that is jammed or otherwise impinged by another article.
FIG. 11 is a flowchart 340 illustrating a sequence of op-
erations for a controller 12 to detect and accumulate an
article being transported by a motorized roller 18 by de-
termining the current to the motorized roller 18 consistent
with embodiments of the invention. The controller 12 in-
itially determines whether it has a selected zone that is
ready to accept an article from an upstream zone, as well
as whether the upstream zone is transporting an article
to the selected zone (block 342). When the selected zone
cannot accept an article, or when the upstream zone is
not transporting an article to the selected zone ("No"
branch of decision block 342), the sequence of opera-
tions returns to block 342.

[0068] However, when a selected zone can accept an
article and the upstream zone is transporting an article
to the selected zone ("Yes" branch of decision block 342),
the controller 12 starts the motorized roller 18 associated
with that selected zone (block 344) as well as an "energy
saver" timer (e.g., a timer after which the motorized roller
18 is stopped to save energy, and which may have a
default of five seconds) (block 346), then determines
whether the energy saver timer has expired (block 348).
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When the energy saver timer has expired ("Yes" branch
of decision block 348), the motorized roller for the select-
ed zone is stopped (block 350) and the sequence of op-
erations returns to block 342. However, when the energy
savertimerhas not expired ("No" branch of decision block
348), the controller 12 detects the current used by the
motorized roller and determines whether the low current
level has been reached (block 352). When the low current
level has notbeenreached ("No" branch of decision block
352), the controller 12 determines whether the high cur-
rent level has been reached (block 354). When the high
current level has not been reached ("No" branch of de-
cision block 354), the sequence of operations returns
back to block 348).

[0069] Returning to block 352, when the low current
level has been reached, the controller 12 may determine
that the motorized roller 18 is transporting an article.
Thus, when thelow currentlevel has beenreached ("Yes"
branch of decision block 352), the controller 12 starts a
"stop" timer (e.g., a timer used to accumulate an article
in the selected zone, and which may have a default of
about two seconds) (block 356) and determines whether
the stop timer has expired (block 358). When the stop
timer has not expired ("No" branch of decision block 358),
the controller 12 determines whether the high current lev-
el has been reached (block 360). However, when the
stop timer has expired ("Yes" branch of decision block
358) or when the high current level has been reached
("Yes" branch of decision block 360), the controller 12
indicates that the selected zone is not free, stops the
motorized roller 18 for the zone, and kills the stop timer
(block 362). Returning to block 360, when the high current
level has notbeenreached ("No" branch of decision block
360), the sequence of operations may return to block 358.
[0070] After block 362, the controller determines
whether the article is releasable from the selected zone
(block 364). When the article cannot be released from
the selected zone (e.g., because a downstream zone
cannot accept the article) ("No" branch of decision block
364), the sequence of operations may return to block
364. However, when the article can be released from the
selected zone (e.g., because a downstream zone can
accept the article) ("Yes" branch of decision block 364),
the controller may release the article (e.g., activate the
motorized roller 18 to release the article to a downstream
zone) (block 366) and, after releasing the article, the se-
quence of operations may return to block 342. In this
manner, the controller 12 can determine when an article
is received at a zone (e.g., when the low current level is
reached but the high current level is not reached) as well
as when an article is impinged of jammed (e.g., when the
high current level is reached). Advantageously, by using
motor timeouts, the controller 12 also reduces pressure
on the motorized roller 18, articles, and other compo-
nents of the conveyor system 10, which may prevent
damage thereto. Moreover, the controller 12 prevents
constant running of the motorized roller 18, which can
save energy and resulting in a conveying system that
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may be utilized in an "on-demand" fashion.

[0071] In addition to article detection, the controller 12
may be configured to detect the current to a motorized
roller 18 and determine the weight and/or length of the
article based, at least in part, thereon. For example, the
controller 12 may be configured to determine the level of
current requires to move the article with a motorized roller
18 then cross-reference the current required to move the
article with a table that indicates the weight of the article.
Also for example, when the controller 12 senses that an
article is being transported by a motorized roller 18, it
may countthe rotations of the motorized roller 18 required
totransportthe article across the motorizedroller 18 (e.g.,
the amount of time that the low level current is provided
to the motorized roller 18). When the circumference of
the motorized roller 18 is known, the controller 12 may
multiply the number of rotations required to move the
article by the circumference of the motorized roller 18 to
determine a length of the article. Alternatively, the con-
troller 12 may determine the length of the article by de-
termining the amount of time it takes to transport the ar-
ticle across a motorized roller 18 (e.g., the amount of time
that the low level current is provided to the motorized
roller 18) then multiply that time by the speed of the mo-
torized roller 18. However, this alternative determination
of length is not advantageous in situations where the
speed of the motorized roller 18 is variable or situations
where the article is stopped while on the motorized roller.
In any event, when the length of an article is known, a
controller 12 may be further configured to determine
where the article is within a given zone based on the
number of rotations that have been used to transport the
article through the zone. Article weight and/or length in-
formation may be passed in a communication to a down-
stream controller 12.

[0072] In one embodiment, the controller 12 is config-
ured to maintain the motorized roller 18 at a particular
rotational position using a servo-lock stop. FIG. 12 is a
flowchart 370 illustrating a sequence of operations for
the controller 12 to use a servo-lock stop consistent with
embodiments of the invention. In particular, the controller
12 determines whether to stop the motor of a motorized
roller 18 (block 372). When the controller 12 determines
that the motor should not be stopped ("No" branch of
decision block 372), the sequence of operations returns
toblock 372. However, when the controller 12 determines
that the motor should be stopped ("Yes" branch of deci-
sion block 372), the controller 12 stops the motor (e.g.,
by shunting to the windings of the motor to ground or
engaging a brake of the motorized roller 18, to name a
few methods), determines the rotational position of the
motor of the motorized roller 18 when it is stopped, and
stores that data (block 374). The controller 12 then de-
termines whether the motor is at the determined rotation-
al position (block 376).

[0073] When the motor is not at its determined rota-
tional position ("No" branch of decision block 376), the
controller 12 determines whether it has been configured
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to adjust the rotational position of the motor by energizing
two windings or by energizing just one winding (block
378). When the controller 12 is configured to adjust the
rotational position of the motor by energizing one winding
("No" branch of decision block 378), the controller 12 en-
ergizes one winding of the motor to maintain the motor
at the determined rotational position (block 380). How-
ever, when the controller 12 is configured to adjust the
rotational position of the motor by energizing two wind-
ings ("Yes" branch of decision block 378), the controller
12 energizes two windings of the motor to maintain the
motor at the determined rotational position (block 382).
[0074] In response to maintaining the motor at a de-
termined rotational position (block 380 or 382), the con-
troller 12 determines whether to release the article (e.g.,
whether to energize the motorized roller 18 to convey the
article to a different zone) (block 384). When the control-
ler 12 determines that it should not release the article
("No" branch of decision block 384), the sequence of op-
erations returns to block 376. However, when the con-
troller 12 determines that it should release the article
("Yes" branch of decision block 384) it releases the article
(block 386) and the sequence of operations returns to
block 372. Returning to block 376, when the controller
determines that the motor is at the determined rotational
position ("Yes" branch of decision block 376), the se-
quence of operations proceeds to block 384 and advanc-
es as described above.

[0075] In a conveyor system 10, one or more control-
lers 12 maybe replaced as they experience errors, failure,
or other wear. As such, a replacement controller 12 may
execute an automatic replacement procedure by access-
ing stored configuration data of the previous controller
12 that the replacement controller 12 replaced from one
or more neighboring controllers 12. FIG. 13 is a flowchart
400illustrating a sequence of operations for an automatic
replacement procedure that may be executed by a con-
troller 12 consistent with embodiments of the invention.
Initially, the controller 12 detects whether there is a trigger
for an automatic replacement procedure (block 402).
Specifically, the trigger to initiate an automatic replace-
ment procedure may be a user pressing and holding a
softkey of a user interface 54 before the controller 12 is
turned on, then maintaining depression of the softkey of
the user interface 54 as the controller 12 is turned on. In
any event, when there is no trigger for an automatic re-
placement procedure ("No" branch of decision block
402), the controller 12 starts up and sends its firmware
and configuration data to upstream and/or downstream
controllers 12, if so configured (block 404), the sequence
of operations may end. A controller 12 automatically
stores firmware and configuration data in response to the
receipt thereof, and, in specific embodiments, stores a
notation of the IP address of the controller 12 from which
the firmware and configuration data are sent. Thus, and
as discussed in more detail below, the controller 12 can
send the firmware and configuration data to the appro-
priate controller 12 based on the IP address of the con-
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troller that requested that firmware and configuration da-
ta.

[0076] However, when there is a trigger for an auto-
matic replacement procedure ("Yes" branch of decision
block 402), the controller 12 (which, with respect to the
sequence of operations of FIGS. 13 and 14, is referred
to hereinafter as the "replacement" controller 12) initiates
aprocedure to recover the network addresses of the con-
troller 12 (which, with respect to the sequence of opera-
tions of FIGS. 13 and 14, is referred to hereinafter as the
"previous" controller 12) that the replacement controller
12 is intended to replace (block 406). After recovering
the network addresses (block 406), the replacement con-
troller 12 requests the firmware and configuration data
of the previous controller 12 that is stored on a neighbor-
ing controller 12 (block 408). Specifically, in block 408,
the replacement controller 12 initially determines wheth-
er any neighboring controllers 12 are present (e.g., sim-
ilarly to at least part of the sequence of operations of FIG.
5) and, if there is a neighboring controller 12 connected
to the replacement controller’s 12 first network interface
44a, the replacement controller 12 sends a request for
the firmware and configuration data to that neighboring
controller 12 through the first network interface 44a. How-
ever, and also in block 408, if there is not a neighboring
controller 12 connected to the replacement controller’s
12 first network interface 44a, the replacement controller
12 sends a request for the firmware and configuration
data to the neighboring controller 12 connected to the
second network interface 44b.

[0077] After requesting the firmware and configuration
data from a neighboring controller 12 (block 408), the
replacement controller 12 determines whether it has re-
ceived the firmware and configuration data (block 410).
When the firmware and configuration data have not been
received ("No" branch of decision block 410), the replace-
ment controller 12 indicates an error and aborts the au-
tomatic replacement procedure (block 412). However,
when the firmware and configuration data have been re-
ceived ("Yes" branch of decision block 410), the replace-
ment controller installs the firmware and configuration
data (block 414) and restarts itself (block 416).

[0078] Asdiscussed above, the replacement controller
12 may recover the network addresses of the previous
controller 12 in block 406 of FIG. 13. In general, even if
not automatically configured in an automatic configura-
tion procedure, the controllers 12 of a conveyor system
10 are programmed to have consecutive IP addresses
that increase by a predetermined amount (e.g., one)
along the downstream direction 26. As such, a replace-
ment controller 12 may recover its IP address (as well
as other network addresses) by determining the network
addresses of additional controllers 12 of the conveyor
system 10 and comparing those network addresses to
potential network addresses.

[0079] FIG. 14 is a flowchart 420 illustrating a se-
quence of operations for a replacement controller 12 to
recover the network address of the previous controller
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12, and particular a sequence of operations to perform
at block 406 in FIG. 13, consistent with embodiments of
the invention. In particular, the replacement controller 12
sends one or more queries through its network interfaces
44a, 44b to neighboring controllers 12 for network infor-
mation, including their IP addresses, the subnet mask,
the gateway, and data indicating whether a neighboring
controller 12 is the beginning or ending controller 12 with-
in a particular subnet (block 422). Specifically, the re-
placement controller 12 sends one query through each
network interface 44a, 44b. The replacement controller
12 then determines whether any responses were re-
ceived (block 424). When at least one response is not
received ("No"branch of decision block 424), the replace-
ment controller 12 indicates and error and aborts the au-
tomatic replacement procedure (block 426).

[0080] When at least one response is received ("Yes"
branch of decision block 424), the replacement controller
12 analyzes the data therein to generate a list of possible
|P addresses to use, determines the subnet mask, de-
termines the gateway, and, optionally, attempts to deter-
mine its location along the conveyor system 10 (block
428). In one example, when connected to two neighbor-
ing controllers 12, the replacement controller 12 may
generate the list of possible IP addresses such that it has
one entry set to the IP address between those of the
neighboring controllers 12. Also for example, when con-
nected to one neighboring controller 12, the replacement
controller 12 may generate the list of possible IP address-
es such that it has one entry set to the IP address above
the neighboring controller 12 and one IP address below
the neighboring controller 12.

[0081] After the replacement controller 12 has gener-
ated the list of possible IP addresses, it sends a query
to discover one or more controllers 12 of the conveyor
system 10 (block 430) and, as it receives responses from
the one or more controllers 12 (e.g., including any neigh-
boring controllers 12), it deletes the IP addresses from
the list of possible IP addresses when messages from
the one or more controllers 12 have a corresponding IP
address that matches (block 432). In a specific example,
when the replacement controller 12 is the initial controller
12 of a conveyor system 10 and connected to one neigh-
boring controller 12, a downstream controller 12 will be
configured with the IP address above that of the neigh-
boring controller 12 such that the corresponding entry is
removed from the list of possible IP addresses, leaving
only the IP address below that of the neighboring con-
troller 12. Correspondingly, when the replacement con-
troller 12 is the last controller 12 of a conveyor system
10 and connected to one neighboring controller 12, a
downstream controller 12 will be configured with the IP
address below that of the neighboring controller such that
the corresponding entry is removed from the list of pos-
sible IP addresses, leaving only the IP address above
that of the neighboring controller 12.

[0082] In any event, and in response to filtering out
already used IP addresses (block 432), the replacement
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controller 12 determines whether there is only one entry
in the list of possible IP addresses (block 434). More than
one entry in the list of possible IP addresses may indicate
that there is more another missing controller 12, which
could result in the replacement controller 12 picking an
unused IP address. This, in turn, may cause communi-
cation confusion between the controllers 12 of the con-
veyor system 10 in which one or more of those controllers
attempt to send a message to the replacement controller
12 at an IP address that the replacement controller 12 is
not using. Thus, when there is more than one entry in
the list of possible IP addresses ("No" branch of decision
block 434), the replacement controller indicates an error
and aborts the automatic replacement procedure (block
436). However, when there is one entry in the list of pos-
sible IP addresses ("Yes" branch of decision block 434),
the replacement controller sets its IP address to the IP
address of that entry (block 438) and completes network
address recovery by setting its subnet mask to that of
neighboring controllers 12, setting its gateway to that of
neighboring controllers 12, and deleting the list of possi-
ble IP addresses, among other tasks (block 440).
[0083] Controllers 12 may be configured to convey ar-
ticles across the conveyor system 10 in a number of
ways, including, as discussed above, a zone singulation
mode, a flex zone mode, a train mode, a gap train mode,
a touch-and-go mode, and a look-ahead-slow-down
mode. More specifically, the touch-and-go mode allows
ausertoselectively activate a conveyor system 10, which
may be advantageous in facilities where leaving convey-
or systems 10 constantly running (e.g., leaving motorized
rollers 18 constantly turning) is inefficient, unwanted, or
unnecessary. As such, a controller 12 may detect the
rotation of a previously static motorized roller 18 then
start atleast one motorized roller 18 of at least one down-
stream controller 12 in response thereto. FIG. 15 is a
flowchart 450 illustrating a sequence of operations for a
controller 12 in a touch-and-go mode to implement func-
tionality corresponding to that described above consist-
ent with embodiments of the invention. In particular, the
controller 12 initially determines whether a zone it is con-
trolling is free and whether there is an article being trans-
ported upstream (block 452). When the zone is not free
or when an article is being transported upstream ("No"
branch of decision block 452), the controller 12 continues
its current operation (e.g., running motorized rollers 18
and waiting to accept the upstream article, keeping mo-
torized rollers 18 static and waiting to unload an article,
orrunning motorizedrollers 18 tounload an article) ("Yes"
branch of decision block 452), the controller resets a ro-
tation counter (block 454) and determines whether there
is more than one rotation (e.g., such as one-and-a-half
rotations or two rotations) in the proper direction (e.g., in
the downstream direction 26) that lasts for less than two-
hundred milliseconds (block 456).

[0084] When there is not more than one rotation in the
proper direction that lasts for less than two-hundred mil-
liseconds ("No" branch of decision block 456), the se-
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quence of operations proceeds back to block 452. How-
ever, when there is more than one rotation in the proper
direction thatlasts for less than two-hundred milliseconds
("Yes" branch of decision block 456), the controller 12
determines whether the touch-and-go mode is enabled
(block 458). When the touch-and-go mode is not enabled
("No" branch of decision block 458), the sequence of op-
erations proceeds back to block 452. However, when the
touch-and-go mode is enabled ("Yes" branch of decision
block 458), the controller 12 proceeds to block 344 of
FIG. 11 (block 460).

[0085] Whentransportingan article, controllers 12 may
also be configured to constantly look ahead to the next
downstream zone and dynamically adjust the motors of
the motorized rollers to a user configurable speed to allow
the article to come to a controlled stop. FIG. 16 is a flow-
chart 470 illustrating a sequence of operations for a con-
troller 12 in a look-ahead-slow-down mode to implement
functionality corresponding to that described above con-
sistent with embodiments of the invention. In particular,
the controller 12 determines whether it has received an
incoming article communication for a selected zone con-
trolled thereby (e.g., a message indicating that an article
is being transported to a zone controlled by the controller
12) (block 472). When the controller has not received an
incoming article communication ("No" branch of decision
block 472), the sequence of operations returns to block
472. However, when the controller receives an incoming
article communication ("Yes" branch of decision block
472), it determines whether the look-ahead-slow-down
mode is enabled (block 474).

[0086] When the look-ahead-slow-down mode is not
enabled ("No" branch of decision block 474), the control-
ler 12 operates the motorized roller 18 for the selected
zone at its normal speeds (e.g., the normal starting and
stopping speed) (block 476). However, when the look-
ahead-slow-down mode is enabled ("Yes" branch of de-
cision block 474), the controller 12 determines whether
the controller 12 is accumulating articles at the selected
zone (block 478). For example, the controller 12 for the
selected zone may adjust the speed of a motorized roller
18 for that selected zone to a target speed that is lower
than the normal speed for the motorized roller 18 when
it is accumulating an article. Advantageously, this slows
the article. As such, when the controller 12 is not accu-
mulating articles in the selected zone ("No" branch of
decision block 478), the controller 12 operates the mo-
torizedroller 18 for the selected zone atits normal speeds
(block 476). When the controller 12 is accumulating ar-
ticles atthe selected zone ("Yes" branch of decision block
478), the controller 12 operates the motorized roller at a
target speed (block 480), which may be from about 20%
to about 80% of the normal speed, and in specific em-
bodiments is predefined by the user. In any event, the
controller 12 sends a communication to at least one up-
stream controller 12 that the motorized roller 18 is being
operated at the target speed (referred to hereinafter as
a "target speed communication") and accepts the article,
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then sends an incoming article communication to con-
troller 12 controlling the next downstream zone (or, when
the controller 12 controlling the next downstream zone
is the controller 12 controlling the selected zone, merely
stores such an indication) (block 482).

[0087] FIG. 17 is a flowchart 490 illustrating a se-
quence of operations for a controller 12 to receive a com-
munication that at least one downstream zone includes
a motorized roller 18 being operated at the target speed
consistent with embodiments of the invention. In partic-
ular, the upstream controller 12 determines whether it
has received a communication associated with a down-
stream zone that indicates that the motorized roller 18 of
the downstream zone is being operated at the target
speed (block 492). When the controller 12 receives such
a communication ("Yes" branch of decision block 492),
the controller 12 operates the motorized roller 18 of the
zone at the target speed (block 494). Alternatively, when
the controller has not received a communication indicat-
ing that the motorized roller of a downstream zone is
being operated at the target speed ("No" branch of deci-
sion block 492), the controller operates the motorized
roller 18 of the zone at its normal speeds.

[0088] An article may become jammed as it is con-
veyed along a conveyor system 10. The controllers 12,
however, may automatically initiate a jam clearing pro-
cedure to resolve such jams. FIG. 18 is a flowchart 500
illustrating a sequence of operations for a controller 12
to initiate such a jam clearing procedure consistent with
embodiments of the invention. The controller 12 initially
determines whether a sensor 22 associated with a se-
lected zone detects an article (bock 502). When the sen-
sor 22 does not detect an article ("No" branch of decision
block 502), the sequence of operations returns to block
502. However, when the sensor 22 detects that an article
is present ("Yes" branch of decision block 502), the con-
troller 12 resets and starts a jam timer (e.g., resetting the
jam timer to about five seconds) (block 504) and again
determines whether the sensor 22 detects an article
(block 506). When, at block 506, the controller deter-
mines that the article is still present ("Yes" branch of de-
cision block 506), the controller 12 determines whether
the jam timer has elapsed (block 508).

[0089] When the jam timer has not elapsed ("No"
branch of decision block 508), the sequence of opera-
tions returns to block 506. However, when the jam timer
has elapsed ("Yes" branch of decision block 508), the
controller 510 automatically initiates a jam clearing pro-
cedure (block 510). When the jam clearing procedure
has finished, the controller 12 then determines whether
the jam has been cleared (e.g., whether the article is no
longer detected) (block 512). When the jam has not been
cleared by the jam clearing procedure ("No" branch of
decision block 512), the controller 12 stops and resets
the jam timer, stops the motorized rollers 18 associated
with the zone in which that jam has occurred, sends a
communication to at least one upstream controller 12 (if
any) that indicates that a jam has occurred, and prevents
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further operation until the jam has been manually cleared
(block 514). The sequence of operations proceeds from
block 514 back to block 512. Returning to block 506,
when an article is not still present ("No" branch of decision
block 506), or, with respect to block 512, when a jam has
been cleared by the jam clearing procedure ("Yes"
branch of decision block 512), the controller 12 stops and
resets the jam timer, then continues operating in a normal
fashion (block 516).

[0090] FIG.19isaflowchart520illustratingajam clear-
ing procedure that may be performed at block 510 in flow-
chart 500 of FIG. 18 by a controller 12 consistent with
embodiments of the invention. Returning to FIG. 19, the
controller 12 operates the motorized roller 18 associated
with the zone that may have a jam in reverse, resets and
starts ajam clearance timer (e.g., resetting the jam clear-
ance timer to about five seconds), resets the jam timer,
and resets a jam counter (e.g., resetting the jam counter
to zero) (block 522) and determining whether the jam
clearance timer has expired (block 524). When the jam
clearance timer has not elapsed ("No" branch of decision
block 524), the controller 12 determines whether the sen-
sor 22 associated with the selected zone detects an ar-
ticle (block 526). When the sensor 22 detects the article
("Yes" branch of decision block 526), the sequence of
operations returns to block 524. However, when the sen-
sor 22 does not detect the article ("No" branch of decision
block 526), the controller 12 operates the motorized roller
18 associated with the jam in the normal direction until
the sensor 22 detects the article, then resumes normal
operation and attempts to convey the article downstream
(block 528). Returning to block 524, when the jam clear-
ance timer has expired ("Yes" branch of decision block
524), the controller 12 operates the motorized roller 18
associated with the jam in the normal direction and at-
tempts to convey the article downstream (block 530).
[0091] Inresponse to the actions at block 528 or block
530, the controller starts the jam timer (block 532) and
again determines whether the sensor 22 detects the ar-
ticle (block 534). When the sensor 22 does not detect
the article ("No" branch of decision block 534), the con-
troller determines that the jam has been cleared, and
stops and resets the jam timer and the jam clearance
timer (block 536). When the sensor 22 detects the article
("Yes" branch of decision block 534), the controller 12
determines whether the jam timer has elapsed (block
538). When the jam timer has not elapsed ("No" branch
of decision block 538), the sequence of operations re-
turnstoblock 534. When the jamtimer has elapsed ("Yes"
branch of decision block 534), the controller 12 incre-
ments the jam counter (e.g., such as by one), and stops
and resets the jam timer and the jam clearance timer
(block 540). The controller 12 then determines whether
the jam counter has reached a target value (e.g., about
three) (block 542). When the jam counter has notreached
a target value ("No" branch of decision block 542), the
controller restarts the jam clearance timer (block 544)
and the sequence of operations returns to block 524.
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However, when the jam counter has reached the target
value ("Yes" branch of decision block 542), the controller
determinesthatthe jam has notbeen cleared (block 546).
In response to the actions at block 536 or block 546, the
controller may proceed to block 512 of the flowchart 500
of FIG. 18.

[0092] At times, a particular motorized roller 18 may
be experience a tangential mechanical force such that
the maximum rotational speed therefor is exceeded. The
motor in the motorized roller 18 thus generates excess
electrical energy that is fed back to a corresponding con-
troller 12. The controller 12, in turn, may absorb the en-
ergy and dissipate it as heat within the motor interface(s)
46a, 46b thereof. This prevents high voltage from being
provided to other, more sensitive circuitry of the controller
12. Alternatively, the controller 12 may actively divert the
excess electrical energy to the power supply unit 24 con-
nected thereto, thus reducing the overall load thereon.
[0093] However, neither method of dealing with excess
electrical energyinturn alleviates the problem of the max-
imum rotational speed of a motorized roller 18 being ex-
ceeded. Thus, in some embodiments, the controller 12
is configured to slow down the motor of a motorized roller
18 by providing an opposing current to the windings of
the motor to, in turn, induce an opposing motor torque to
reduce the speed of the motorized roller 18. FIG. 20 is a
flowchart 550 illustrating a sequence of operations for a
controller 12 toreduce the rotational speed of a motorized
roller 18 consistent with embodiments of the invention.
In particular, the controller 12 determines whether the
target rotational speed of a motorized roller 18 has been
exceeded (block 552). When the target rotational speed
of the motorized roller 18 has not been exceeded ("No"
branch of decision block 552), the sequence of opera-
tions returns to block 552. However, when the target ro-
tational speed of the motorized roller 18 has been ex-
ceeded ("Yes" branch of decision block 552), the con-
troller 12 determines the speed and looks up the speed
in a table to determine a reverse current to apply to the
motorized roller 18 to slow the motorized roller 18 (block
554) and applies that determined reverse current to the
motorized roller 18 to slow that motorized roller 18 (block
556). The sequence of operations may then return to
block 552.

[0094] In general, brushless DC motors that may be
used in motorizedrollers 18 consistentwith embodiments
of the invention may generate power when they are ro-
tated from an external force, such as a when a conveyor
surface they control is angled downwardly and an article
rolls the motorized roller 18 as it traverses that surface.
Some embodiments of the invention apply a current to
the motorized roller 18 to prevent it from turning, as dis-
cussed above. However, alternative embodiments of the
invention may supply the power generated by the motor-
ized roller to the power supply unit 24. This, in turn, may
reduce the overall power consumption of the conveyor
system 10.

[0095] In some embodiments, and as discussed
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above, a motorized roller 18 may include an addressable
circuit 110 having information stored thereon. The con-
troller 12, in turn, may be configured to retrieve that in-
formation, determine an operational characteristic of the
motorized roller 18, and/or control the motorized roller
18 based upon that operational characteristic. FIG. 21 is
a flowchart 560 illustrating a sequence of operations for
a controller 12 to determine an operational characteristic
of a motorized roller 18 and, optionally, control that mo-
torized roller 18 based upon that operational character-
istic consistent with embodiments of the invention. In par-
ticular, the controller 12 may be configured to communi-
cate with an addressable circuit 110 of the motorized
roller 18 and query the addressable circuit 110 for infor-
mation associated with the motorized roller 18 (block
562). When data is received from the addressable circuit
110 ("Yes" branch of decision block 564), the controller
12 determines at least one operational characteristic of
the motorized roller 18, such as the number of windings
of the motor of the motorized roller 18, the circumference
of the housing of the motorized roller 18, the radius of
the motorized roller 18, the gear ratio for the gear box of
the motorized roller 18, the power rating of the motor of
the motorized roller 18, the serial number for the motor-
ized roller 18, the model of the motorized roller 18, and/or
other motorized roller 18 information (block 566). The
controller 12 may then determine information about the
operation of the motorized roller 18 and/or control the
motorized roller 18 appropriately.

[0096] In an optional block, the controller 12 deter-
mines the rotational distance of the motorized roller 18
in response to a momentary pulse of voltage (block 568).
For example, the rotation of a motor of the motorized
roller 18 in response to a momentary pulse of voltage is
typically from one winding to the next. When the motor
includes three windings, the motor operates to rotate by
one-third. This, in turn, is translated by the gearbox into
a percentage of rotation of the housing of the motorized
roller 18. Continuing the example, if the gearbox ratio of
a gearbox of the motorized roller 18 is 60-1, then sixty
rotations of the motor translate into one rotation of the
motorized roller 18. As such, one-third rotation of the mo-
tor translates to 1/180th rotation of the housing of the
motorized roller. Thus, if the housing of the motorized
roller 18 has a circumference of twelve inches, the con-
troller 12 with the data above, some of which may be
received from the addressable circuit of the motorized
roller 18, may calculate that the rotational distance of the
housing of the motorized roller 18 in response to a mo-
mentary pulse of voltage to the motor of the motorized
roller 18 is approximately 2/30t of an inch in block 566.
[0097] In another optional block, the controller 12 de-
termines the current threshold of the motor of the motor-
ized roller 18 based information associated with the mo-
torized roller 18 (block 570). For example, the motorized
roller 18 may be rated for a particular current level. Ex-
ceeding that currentlevel may resultin damage to a com-
ponent of the motorized roller. Continuing with the exam-
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ple, the controller 12 may receive information associated
with the motorized roller 18 thatindicates the power rating
of the motor of the motorized roller 18 (e.g., how many
watts the motor is rated for) or the model of the motorized
roller 18. As such, the controller 12 may access the con-
figuration data structure 62 or parameters data structure
64, and particularly a lookup table thereof, to determine,
for the power rating or model, the current limit for the
motor of the motorized roller 18 in block 570.

[0098] When datais notreceived from a motorized roll-
er 18 ("No" branch of decision block 564), or in response
to completing operations in blocks 568 or 570, the se-
quence of operations may end.

[0099] While the presentinvention has been illustrated
by a description of the various embodiments and the ex-
amples, and while these embodiments have been de-
scribed in considerable detail, it is not the intention of the
applicants to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages
and modifications will readily appear to those skilled in
the art. Thus, the invention inits broader aspects is there-
fore not limited to the specific details, representative ap-
paratus and method, and illustrative example shown and
described. In particular, one having ordinary skill in the
art will appreciate that any of the blocks in the above
flowcharts may be reorganized, deleted, or made con-
current with any other block of the above flowcharts. Ac-
cordingly, departures may be made from such details
without departing from the spirit or scope of applicants’
general inventive concept. Thus, the invention lies in the
claims hereinafter appended.

There have been disclosed hereinbefore the following
methods defined by the following paragraphs:

1. A method of controlling at least a portion of a con-
veyor with a first conveyor controller, the method
comprising:

detecting whether a second conveyor controller
is connected to the first conveyor controller;

in response to detecting that there is a second
conveyor controller connected to the first con-
veyor controller, identifying whether the second
conveyor controller is connected to a predeter-
mined network interface of the first conveyor
controller;

if a second conveyor controller is connected to
the predetermined network interface,
configuring the first conveyor controller to rotate
a motorized roller in a first predetermined direc-
tion; and

if a second conveyor controller is not connected
to the predetermined network interface, config-
uring the first conveyor controller to rotate the
motorized roller in a second predetermined di-
rection.

2. The method of paragraph 1, further comprising:
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in response to detecting that there is not a third con-
veyor controller connected to the first conveyor con-
troller, determining that the first conveyor controller
is an initial conveyor controller of a linear conveyor.

3. The method of paragraph 1, wherein the first con-
veyor controller includes a first and second network.

4. The method of paragraph 1, further comprising:
transmitting a configuration message to the second
conveyor controller that includes configuration data
associated with the first conveyor controller.

5. The method of paragraph 4, further comprising:

receiving a first confirmation message from the
second conveyor controller indicating that the
configuration data was received;

in response to receiving a second confirmation
message from a third conveyor controller, indi-
cating that an error has occurred; and
transmitting an error message to the second
conveyor controller indicating that the error has
occurred.

6. The method of paragraph 1, further comprising:

detecting a photo-eye sensor connected to the
conveyor controller, including whether the pho-
to-eye sensor is light-operated or dark-operat-
ed;

detecting the motorized roller connected to the
conveyor controller, including information about
the motorized roller; and

automatically configuring at least one of a speed
to operate the motorized roller, a rate at which
to accelerate the motorized roller, a rate at which
to decelerate the motorized roller, or combina-
tions thereof.

7. A method of controlling at least a portion of a con-
veyor, the method comprising:

in response to receiving first configuration data
from a first conveyor controller at a second con-
veyor controller, detecting whether a third con-
veyor controller is connected to the second con-
veyor controller;

if a third conveyor controller is connected to the
second conveyor controller,

transmitting a configuration message to the third
conveyor controller thatincludes second config-
uration data associated with the second convey-
or controller; and

if a third conveyor controller is not connected to
the second conveyor controller,

determining that the second conveyor controller
is afinal conveyor controller of a linear conveyor.
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8. The method of paragraph 7, further comprising:

determining a first network address for the first
conveyor controller from the first configuration
data;

incrementing the first network address to gen-
erate a second network address; and
assigning the second network address to the
second conveyor controller.

9. The method of paragraph 7, further comprising:

receiving a confirmation message from the third
conveyor controller indicating that the second
configuration data was received;

in response to receiving a second confirmation
message from a fourth conveyor controller, in-
dicating that an error has occurred; and
transmitting an error message to the first con-
veyor controller indicating that the error has oc-
curred.

10. A method of controlling at least a portion of a
conveyor with a first conveyor controller, the method
comprising:

receiving and storing configuration data associ-
ated with a second conveyor controller connect-
ed to the first conveyor controller;

inresponse to a first request for data from a third
conveyor controller intended to replace the sec-
ond conveyor controller, transmitting the config-
uration data to the third conveyor controller.

11. The method of paragraph 10, further comprising:

in response to a second request for data from
the third conveyor controller,

transmitting a network address associated with
the second conveyor controller to the third con-
veyor controller.

12. A method of controlling at least a portion of a
conveyor, the method comprising:

in response to a user input to a first conveyor
controller to automatically configure the first
conveyor controller, requesting configuration
data from a second conveyor controller connect-
ed to the first conveyor controller; and

in response to receiving the configuration data,
storing the configuration data in the first convey-
or controller.

13. The method of paragraph 12, wherein the first
conveyor controller includes a first and second net-
work interface, the second conveyor controller con-
nected to the first network interface and a third con-
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veyor controller connected to the second network
interface.

14. The method of paragraph 12, further comprising:

inresponse to the userinput to the first conveyor
controller to automatically configure the first
conveyor controller, transmitting a request for a
second network address associated with the
second conveyor controller to the second con-
veyor controller; and

generating a list of potential network addresses
for the first conveyor controller based on at least
the second network address;

broadcasting a request for a network address
for each conveyor controller connected in a net-
work with the first conveyor controller; and
selecting a first network address from the list of
potential network addresses that does not
match any other network address for another
conveyor controller connected in the network
with the first conveyor controller.

15. A method of controlling at least a portion of a
conveyor, comprising:

monitoring a motorized roller for at least partial
rotation thereof;

in response to detecting the at least partial ro-
tation of the motorized roller, determining a
length of time for the at least partial rotation;

in response to determining that the length of time
is greater than a target time, activating the mo-
torized roller.

16. The method of paragraph 15, further comprising:

in response to receiving a message from a con-
veyor controller indicating that there is jam
downstream from the motorized roller relative to
a predefined direction of travel,

deactivating the motorized roller.

17. The method of paragraph 16, wherein deactivat-
ing the motorized roller includes:

gradually reducing a rate of rotation of the motorized
roller.

18. A method of controlling at least a portion of a
conveyor with a conveyor controller, comprising:

querying a motorized roller for data associated
therewith;

in response to receiving the data, analyzing the
data to determine an operational characteristic
associated with the motorized roller; and
controlling the motorized roller based at least in
part upon the determined operational character-
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istic.

19. A method of determining information about an
article being conveyed upon at least a portion of a
conveyor, the method comprising:

sensing a current of a signal used to operate a
motorized roller; and

determining a weight associated with the article
based upon the sensed current.

20. A method of controlling at least a portion of a
conveyor with a conveyor controller, comprising:

determining whether a current through a motor-
ized roller is associated with a low level to indi-
cate that the motorized roller is conveying a first
article;

in response to determining that the motorized
roller is conveying the first article,

determining whether the currentthrough the mo-
torized roller is associated with a high level to
indicate that the first article has encountered a
second article; and

in response to determining that the first article
has jammed or encountered a second article,
conveying the first and second articles simulta-
neously and without substantial gap there be-
tween during such conveyance

Claims

A method of controlling at least a portion of a con-
veyor with a first conveyor controller, the method
comprising:

detecting whether a second conveyor controller
is connected to the first conveyor controller;

in response to detecting that there is a second
conveyor controller connected to the first con-
veyor controller, identifying whether the second
conveyor controller is connected to a predeter-
mined network interface of the first conveyor
controller;

if a second conveyor controller is connected to
the predetermined network interface, configur-
ing the first conveyor controller to rotate a mo-
torized roller in a first predetermined direction;
and

if a second conveyor controller is not connected
to the predetermined network interface, config-
uring the first conveyor controller to rotate the
motorized roller in a second predetermined di-
rection.

2. The method of claim 1, further comprising:

in response to detecting that there is not a third con-
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veyor controller connected to the first conveyor con-
troller, determining that the first conveyor controller
is an initial conveyor controller of a linear conveyor.

The method of claim 1, wherein the first conveyor
controller detects whether there is a second convey-
or controller connected thereto in response to receiv-
ing a command to initiate an automatic configuration
procedure.

The method of claim 1, further comprising:

upon detecting a second conveyor controller,
transmitting at least one configuration message
to the second conveyor controller that includes
configuration data associated with the first con-
veyor controller;

wherein optionally the configuration data in-
cludes one of a serial number of the first con-
troller, a network address of the first controller,
a subnet mask of the first controller and/or a
gateway of the first controller.

The method of claim 4 further comprising:

upon detecting a second conveyor controller, trans-
mitting at least one configuration message to the
second conveyor controller, prior to the configuration
data, that indicate that the first conveyor controller
is initiating an automatic configuration procedure.

The method of claim 2 wherein when the first con-
veyor controller is determined as an initial conveyor,
setting a network address of the first controller to a
predetermined network address.

The method of claim 4, further comprising:
configuring the second conveyor controller to rotate
a motorized roller in the first predetermined direction
or the second predetermined direction depending
upon a network interface of the second conveyor
controller that receives the configuration data from
the first conveyor controller.

The method of claim 4, further comprising:

the second conveyor controller, afterreceiving a con-
figuration message, transmitting at least one config-
uration message to an additional downstream con-
veyor controller.

The method of claim 8, further comprising:

the second conveyor controller, after transmitting at
least one configuration message to an additional
downstream conveyor controller, determining if a
confirmation message was received from the addi-
tional downstream conveyor controller, and if a con-
firmation was not received, the second conveyor
controller sending a last controller message.
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10.

1.

12.

13.

14.

15.

40

The method of claim 4, further comprising:
receiving a confirmation message from the second
conveyor controller indicating that the configuration
data was received.

The method of claim 10, wherein the confirmation
message is a first confirmation message, the method
further comprising:

in response to receiving a second confirmation
message from a third conveyor controller, indi-
cating that an error has occurred;

wherein optionally indicating that an error has
occurred comprising transmitting an error mes-
sage to the second conveyor controller.

The method of claim 1, further comprising:
receiving and storing configuration data from the first
conveyor controller in the second conveyor control-
ler.

The method of claim 1, further comprising performing
at least one of the following:

detecting a photo-eye sensor connected to the
conveyor controller, including whether the pho-
to-eye sensor is light-operated or dark-operat-
ed;

detecting the motorized roller connected to the
conveyor controller, including information about
the motorized roller; and

automatically configuring at least one of a speed
to operate the motorized roller, a rate at which
toaccelerate the motorizedroller, arate atwhich
to decelerate the motorized roller, or combina-
tions thereof;

wherein optionally detecting the photo-eye sen-
sor includes:

querying the photo-eye sensor to determine
whether it is light-operated or dark-operated.

A conveyor controller, comprising:

a plurality of network interfaces;

at least one processing unit;

a memory; and

program code resident in the memory, the pro-
gram code configured to be executed by the at
least one processing unit to cause the conveyor
controller to perform the method of any of claims
1to 13.

A program product, comprising:

program code configured to be executed by at least
one processing unit of a conveyor controller to cause
the conveyor controller to perform the method of any
of claims 1 to 13.



EP 4 455 817 A2

22



EP 4 455 817 A2

JOV4Y3LNI JOV44ILNI N O_n_
g M4OM13N g4y Dpp— Y MIOMIIN
SY31INVHYd
—— 9
NOILYMNOIANOD [T~ &7 JOV443LNI
¥ 4OLOW
JOV443IN JOVHOLS SSYN 07 )
g 4010N N /4
JOV44TLINI 777
8 VMAIVH R Ndd <mmwﬁﬂmm@z
767 0% ]
JOV4HTLNI 6+
gY0SNIS K
V14 (s)301A3a NEINERS
7511__Lndino MIOMIAN 65 @o%%_wm_
(S)30V44TLNI 3002 )
751 ¥3sn JOMINOD 1485 274
C— 410/
Rvmdd (Lo
AHOW3N - % o
JOV4H3LNI
ONINOILIANOD ANV S
1NdNI ¥3IMOd

23



EP 4 455 817 A2

l
SH3TI0HLINOD
TVNOILIaay
J4ON HO
INO OL

Iy

90z

qc/

vog

—— e —

4

MHOML3AN

¢ Ol

J9OVH0LS SSYIN

4/l

%2

“| MHOMLAN

N

Ndd

N

g6 6

—» 30IA3d
1Nd1no
.

an e

7%

Oll (=

cw

(SINOILYDITddY
TOYINOD

-

ol
SO

AJONEN

— 1N

JOV443LNI
d3asn
N

rol

24



;%0\

EP 4 455 817 A2

RECEIVE
ABORT
MESSAGE
?

4.,
SEND ABORT MESSAGE TO SEND ABORT MESSAGE
THROUGH NETWORK

UPSTREAM AND DOWNSTREAM( | THROUGH RETWORK

CONTROLLER(S)
RECEIVE ABORT MESSAGE

7 [ REVERT TOOLD

CONFIGURATION DATA
END

FIG. 7

25




EP 4 455 817 A2

( START )
200

\
O~ A miaTe
AUTOMATIC
CONFIGURATION
PROCEDURE
6.,
ABORT
TO NETWORK
INTERFACES
208.. N
INITIATE AUTOMATIC
CONFIGURATION PROCEDURE
LR
CONFIGURE ANY

CONTROLLER TO CONTROLLERS
OPERATE IN CONNECTED TO NETWORK

AUTONOMOUS INTERFACES

FASHION ?
b,
SET FLAG TO INDICATE
CONTROLLER THE NETWORK
REVERSED INTERFACE
B,
CLEAR FLAG TO INDICATE
CONTROLLER IS NOT REVERSED
230,

SET UP CONTROLLER AS INITIAL CONTROLLER OF A LINEAR CONVEYOR,
AND SEND MESSAGES TO A DOWNSTREAM CONTROLLER INDICATING
THE INITIATION OF AN AUTOMATIC CONFIGURATION PROCEDURE AND

THE CONTROLLER'S CONFIGURATION DATA
RRR
PN MORE
INDICATE ERROR ConpaNNE N
AND ABORT CONFIRMATION
RECEIVED

FIG. 5 END

26



EP 4 455 817 A2

( START )

230 )
™ 232
RECEIVED
CONFIGURATION
INITIATOR MESSAGE
FROM UPSTREAM
CONTFg)OLLER
23b..
INDICATE ERROR
AND ABORT
238.,
SET NETWORK ADDRESS BASED ON CONFIGURATION DATA,
DETERMINE DOWNSTREAM DIRECTION BASED ON NETWORK
INTERFACE RECEIVING CONFIGURATION TOKEN, AND
CONFIGURE CONTROLLER TO OPERATE IN LINEAR CONVEYOR
840\ SEND CONFIGURATION
CONFIRMATION MESSAGE
A2 I

SEND MESSAGE TO DOWNSTREAM CONTROLLER INDICATING
THE INITIATION OF AN AUTOMATIC CONFIGURATION
PROCEDURE AND THE CONTROLLER'S CONFIGURATION DATA

244 34%\

MORE THAN
ONE CONFIGURATION INDICATE ERROR
CONFIRMATION AND ABORT
RECI;)IVED

45

ONE
CONFIGURATION
CONFIRMATION
RECI;)IVED

250,

SEND MESSAGE TO FIRST CONTROLLER
INDICATING CONTROLLER IS LAST CONTROLLER

\
END

FIG. 6

27



EP 4 455 817 A2

RER

TIME TO
RECEIVE ABORT

280 MESSAGE OR LAST

\ CONTROLLER MESSAGE

EXPIRED
NN
INDICATE ERROR

MESSAGE ]
RECI’E)IVED AND ABORT

288.,

SEND MESSAGE TO DOWNSTREAM CONTROLLERS TO
DETECT CHARACTERISTICS OF CONVEYOR SYSTEM,
DETECT CHARACTERISTICS OF CONVEYOR SYSTEM

8'90\ SEND MESSAGE TO DOWNSTREAM

CONTROLLERS TO RESTART, RESTART

|
END

FIG. 8

28



EP 4 455 817 A2

START
300\ ( )

208,

DETECT SENSORS, INCLUDING WHETHER LIGHT
ACTIVIATED OR DARK ACTIVATED AND DATA
RELATED THERETO, AND STORE

304 — | DETECT MOTORIZED ROLLERS, INCLUDING
DATA RELATED THERETO, AND STORE

306 — | DETECT HARDWARE, INCLUDING DATA
RELATED THERETO, AND STORE

308 — | SETUP NETWORK CONNECTIONS
AND COMMUNICATIONS

310 — | CONFIGURE ZONE(S)
AND PARAMETERS

END

FIG. 9

29



EP 4 455 817 A2

Ol OId

aN4

V.1va 310118V ONINIVINOD
NOILVOINNWINOD

vV WOd4 LINJ43441d SV
NOILYIINNWIWOD SS3004d

Sgor
N4

0S0a ol 318v

4
TYNHON

41 310114V L4300V
N~

rEE

15AVdL 40

NOI1LO3¥Id
N3H4N0

10Ndoydd
S3L1YIIANI
NOILYIINNNNOY

V.13

4
d3Sd3ndd

NOILO3dId 3SH3ATH
-

%73

N NOILO3¥Id
INIHAND

NOILYOINNAWO

)
WY3d1SdN \\ Y34 LSNMOQ

NOILYJINNAINOD

12Ndodd

S3LvOIANI
NOILYJOINNWINOY

.

vt

14VIS

N3

30



EP 4 455 817 A2

240 ( START >

UPSTREAM ZONE
TRANSPORTING

350,

344 — START MOTORIZED STOP MOTORIZED
ROLLER FOR ZONE ROLLER FOR ZONE

!

346 — START “ENERGY
SAVER’ TIMER

348

“ENERGY
SAVER" TIMER
EXPI?RED

352 356..

LOW - .

CURRENT LEVEL START “STOP
REA(73HED TIMER

354
HIGH

N ~CURRENT LEVEL
REACHED

HIGH
CURRENT LEVEL
REA(?JHED

Y

I — INDICATE ZONE IS NOT FREE,
STOP MOTORIZED ROLLER FOR
ZONE, AND KILL “STOP" TIMER

\

ARTICLE
RELEA?SABLE

7

E7R

RELEASE ARTICLE AND
F|G 11 INDICATE ZONE FREE

31



EP 4 455 817 A2

_%1K\

3Y STOP MOTOR, DETERMINE
ROTATIONAL POSITION OF MOTOR
WHEN IT IS STOPPED AND STORE

|

MOTOR
AT DETERMINED
ROTATIONAL

POS!?TION

ENERGIZE TWO
WINDINGS TO MAINTAIN
MOTOR AT DETERMINED

ROTATIONAL POSITION

ENERGIZE ONE WINDING
| TOMAINTAIN MOTOR AT
DETERMINED
ROTATIONAL POSITION

384
RELEASE

ARTICLE
?

RELEASE

ARTICLE

FIG. 12

32



EP 4 455 817 A2

START

404

~

REPLACEMENT

400\ PROCEDURE

START CONTROLLER AND SEND
FIRMWARE AND CONFIGURATION
DATA TO UPSTREAM AND/OR
DOWNSTREAM CONTROLLER

RECOVER NETWORK
ADDRESS

REQUEST FIRMWARE AND
CONFIGURATION DATA FROM
NEIGHBORING CONTROLLER

1R

~
INDICATE ERROR
AND ABORT

410
N FIRMWARE
AND CONFIGURATION
DATA RECEIVED

INSTALL FIRMWARE AND
CONFIGURATION DATA

416
N

RESTART
CONTROLLER

\
END

FIG. 13

33




EP 4 455 817 A2

START
480\ ( )

YEER

SEND QUERIES TO
NEIGHBORING
CONTROLLERS FOR
NETWORK INFORMATION

42,

INDICATE ERROR
AND ABORT

N

ANALYZE DATA IN RESPONSE(S) TO GENERATE A LIST
OF POSSIBLE IP ADDRESSES TO USE, DETERMINE THE
SUBNET MASK, DETERMINE THE GATEWAY, AND
OPTIONALLY ATTEMPT TO DETERMINE LOCATION
WITHIN THE CONVEYOR SYSTEM

!

430 [SEND QUERY TO DISCOVER
ALL CONTROLLERS AT
CONVEYOR SYSTEM

432,

DELETE IP ADDRESS OFF LIST OF POSSIBLE IP ADDRESSES
AS RESPONSES FROM CONTROLLERS OF THE CONVEYOR
SYSTEM HAVING THAT IP ADDRESS ARE RECEIVED

434 436-,
N_[INDICATE ERROR
AND ABORT
s6. IY
SET IP ADDRESS TO
THAT OF ENTRY
440
COMPLETE NETWORK
ADDRESS RECOVERY
END

FIG. 14

34



450\

EP 4 455 817 A2

ZONE
EMPTY AND
NO UPSTREAM
FL?W

RESET ROTATION
COUNTER

450

MORE THAN
ONE ROTATION IN
PROPER DIRECTION FOR
LESS THAN
ZOQ? ms

TOUCH
AND GO MODE

ENA’I?LED

GOTO BLOCK 344
OF FIG. 11

\
END

FIG. 15

35



470\

EP 4 455 817 A2

INCOMING
ARTICLE
COMMUNICATION
RECI;)IVED

N

ACCUMULATION
AT SELECTED
ZOr)NE

OPERATE
MOTORIZED ROLLER
AT TARGET SPEED

~ !

OPERATE
MOTORIZED ROLLER
AT NORMAL SPEEDS

INDICATE TO UPSTREAM ZONE THAT
MOTORIZED ROLLER IS OPERATED
AT TARGET SPEED AND ACCEPT
ARTICLE, THEN SEND INCOMING

ARTICLE COMMUNICATION TO
DOWNSTREAM ZONE

[
END

FIG. 16

36




EP 4 455 817 A2

START

492
RECEIVE
COMMUNICATION

490

4%

~

ASSOCIATED WITH
DOWNSTREAM ZONE
THAT INDICATES MOTORIZED
ROLLER OPERATING

OPERATE
MOTORIZED ROLLER
AT NORMAL SPEEDS

AT TARGET
SPI;ED

OPERATE
MOTORIZED ROLLER
AT TARGET SPEED

\
END

FIG. 17

TARGET
ROTATIONAL
SPEED
EXCEQEDED

554

DETERMINE AND LOOKUP SPEED
IN TABLE TO DETERMINE
REVERSE CURRENT TO APPLY TO
MOTORIZED ROLLER

556

APPLY DETERMINED REVERSE
CURRENT TO SLOW MOTORIZED
ROLLER

9

FIG. 20

37




500\

EP 4 455 817 A2

ARTICLE
DETE'?CTED

RESET AND START
JAM TIMER

|

506

ARTICLE N

DETE7CTED

ELAgSED

0.

AUTOMATICALLY INITIATE
CLEARING PROCEDURE

SH

~

[

Sk
Y

Sth-,

STOP AND RESET JAM

JAM
CLEA?RED

TIMER, CONTINUE
OPERATING NORMALLY

STOP AND RESET JAM TIMER, STOP

MOTORIZED ROLLER ASSOCIATED WITH JAM,

SEND COMMUNICATION TO UPSTREAM
CONTROLLER INDICATING JAM, AND
PREVENT FURTHER OPERATION UNTIL
MANUAL JAM CLEARANCE

FIG. 18

38



EP 4 455 817 A2

520

520, 4

OPERATE MOTORIZED ROLLER ASSOCIATED WITH JAM IN REVERSE
FOR PREDETERMINED PERIOD OF TIME, RESET AND START JAM
CLEARANCE TIMER, RESET JAM TIMER, RESET JAM COUNTER

530

OPERATE MOTORIZED
ROLLER ASSOCIATED WITH
JAM IN NORMAL DIRECTION,
ATTEMPT TO CONVEY
ARTICLE DOWNSTREAM

ARTICLE
DETECTED
?

8.,

OPERATE MOTORIZED ROLLER ASSOCIATED WITH JAM IN NORMAL
DIRECTION UNTIL SENSOR DETECTS ARTICLE, THEN RESUME NORMAL
OPERATION AND ATTEMPT TO CONVEY ARTICLE DOWNSTREAM

533 —{ START JAM
TIMER

536

L

DETERMINE JAM
CLEARED, STOP AND

RESET JAM TIMER AND

JAM CLEARANCE TIMER

534

ARTICLE
DETECTED
?

JAM TIMER
ELAPSED
?

540,

INCREMENT JAM COUNTER, STOP AND RESET
JAM TIMER AND JAM CLEARANCE TIMER

54
| RIE?E;{TAD‘EM COUNTER IS AT
TARGET VALUE
CLEARANCE TIMER ?
Sth, T
DETERMINE JAM
NOT CLEARED

FIG. 19 END
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